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PUBLISHERS’ NOTE 


So much attention is now given to tlie practical 
and systematic study of science in schools that the 
valuable inlluenee of descriptive scientific literature 
is ajit to be overlooked. An intimate knowledge of 
the simplest fact in Nature can be obtained only 
by personal observation or experiment in the open 
air or the laboratory, but broad views of scientific 
thouglit and jirogress are secured best from books 
in wliich tlie methods and results of investigation 
are stated in language which is simple without 
being childish. 

Books rntcnded to promote interest in science 
must differ completely from laboratory guides, text- 
books, oi' w^orks of reibrence. Tliey sliould aim at 
exalting tlie scientific spirit which leads men to 
devote =s^6\wiir lives to the advancement of natural 
kno\y ledge, and at showing how the human race 
eventually reaps the benefit of such research. In- 
spiration rather than information should be the 
keynote ; and the execution should awaken in the 
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reader not only appreciation of the sciei^ific ine^od 
of study and spirit of self-sacrifice, but also a 
desire to emulate tlie lives of men whose labours 
liave brouglit tljc knowledge of Nature to*^its 
presept position. 

These are tlie objects of tlie series of Eeadablo 
Looks ill Natural Knowledge to wdiicli the present 
volume belongs. Eaeli volume will endeavour to 
stimulate interest in the studies with which it is 
concerned, and to present natural phcmomena and 
laws broadly and attractively. It is hoj)ed that 
the books w\ill provide the reading matter urgently 
required in connection with the science work in 
schools and will a])peal also to a wide circle of 
other readei’s. The scries should be of service in 
directing attention to the nobility of scientific 
ideals and the ultimate value of results obtained 
by careful and faitliful work. 
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CIIAPTEE I 

nONEEll WORK 

Attempts to subdue new territory and to tnake 
it serve the purposes of civilisation are always 
interesting. The tale of the settler wlio presses 
forward into unexplored lands has a strange fascina- 
tion for young and old alike ; his patient labour 
and steady progress in tlie face of danger arid 
privation win for Irim the admiration and gratitude 
of those who follow^rfter. 

So it is also w’ith^the pioneers who have sliowri 
the way into the vast and fruitful regions of 
experir^ental science. Tlieir early labours on the 
vijgin soil have not been in vain, and they them- 
selves the forerunners of an ever-increasing 

band i)f workers wdio have entered in and ]>ossessed 
the land in all its plenty. We of tlie twentieth 
century, who have abounding evidence of the 
extent to which human life lias been enriched by 
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scientific discovery, do to recall wtth gratifcaUe 
the toilers of these early days. 

The beginnings of chemistry lie in the distant* 
past, but for centuries the results of the sconce 
were meagre in the extreme. Many substances now 
recognised as definite cliemical compounds, such as 
sugar, soda, alum, acetic acid, and lime, had been 
discovered; many processes of an essentially chemical 
character, such as iron-smelting, dyeing, soap and glass 
manufacture, were in operation, but the discoveries 
were made in a haphazard fashion and the manu- 
facturing processes were carried out by rule of 
thumb, not on any scientific plan. Tliere were 
many cliemical experimenters in the Middle Ages, 
but they were all possessed with the idea that 
the baser metals, such as lead, could be changed 
into gold, and their time was mostly wasted in 
unsuccessful attempts to bring about this wonderful 
transmutation. 

It was not until the latter half of the eighteenth 
century that Europe saw a real attempt on the part 
of men of science to press forward into the region 
of chemical phenomena. This was not an organised 
effort : it only so happened that about Vius time a 
number of able pliilosophers were trying herd to 
discover wliat are the things that go to build up 
the material world around us. The question which 
every intelligent child is constantly putting to its 
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elAsrs : “What is this ^nadc of?” is the very 
question which the cliemist puts to Nature in all 
directions ; and it is the feme of these pioneers 
of"* the eighteenth century that they wrestled 
successfully with the three problems — “What is 
Air ? ” “ Wliat is Water ? ” “ Wliat is Fire ? ” 

It may seem strange that at this comparatively 
late period these fundamental questions had not 
yet received satisfactory answers. The truth is 
that the philosophers of earlier generations had 
settled them to their own satisfaction, and when 
once a wrong solution of a problem has been 
accepted as correct, it may be a long time before 
any one is original enough to discover the error, 
and having discovered it, bold enough to make it 
known. From ancient times down to the eighteenth 
century, the view was generally held that the 
ultimate constituents of the material world were 
four in number, vjz. fire, air, eai tli, and water. It 
was supposed that by the combination in various 
proportions of these primitive substances, or elements, 
the most varied products could be obtained. 

^ Aristotle, it is true, regarded fire, air, earth, and 
water^^-iieyt as absolutely distinct substances, but 
rathrjr as manifestations of different properties 
adhering to one primitive kind of matter. Tlie 
fundamental qualities associated with this primordial 
matter were described by the four adjectives “ warm,” 
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‘‘ cold,” “ dry,” and “ raois^ ” ; and it wffls supposed 
that fire was dry and warm, that air was warm and 
moist, that eartli was cold and dry, and that water 
was cold and moist. 

The experiments which finally disposed of these 
fantastic and erroneous notions and led up to what 
has been called ** the chemical revolution,” were 
made by a number of men in different European 
countries ; but the prominent leaders in this matter 
were Priestley and Cavendish in England, and 
Lavoisier in France. These pioneers in the develop- 
ment of modern chemistry may not have fully 
recognised tlio importance of their work, but tliere 
is no doubt tliat their investigations prepared tlie 
way for tlie marvellous chemical discoveries of the 
nineteenth century. 

What sort of men, then, were tliese, and what 
did they contribute to the sum of human knowledge ? 
The two Englishmen were as ^the i^olcs asunder 
in regard to their origin and personal character. 
Priestley was the son of a poor clotli - dresser ; 
Cavenditih was a wealthy aristocrat; Priestley was 
an open, warm-hearted man, fond of society and 
keen in controversy; Cavendish was cvallous 
recluse, ill at ease in the company of his fejlows 
and caring nothing about their affairs. They 
resembled each other in tlieir zeal for science, but 
the general lines on which they worked were 
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quite dilFeTent. I’ricstle5^ occupied liimsell' almosi 



Fio. 1. — tJoseph Priestley (1 733-1 S04). 

exclusively with QualitcUive experiments, trying to 
discover what kinds of matter entered into the 
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composition of various gases ; Cavendfeli, on .the 
other hand, spent his time mainly in quantitative 
investigations, that is, he was always counting, 
measuring, and weighing. 

The first suggestion that atmospheric air was 
not the simple elementary substance which earlier 
philosophers supposed, had come from Dr. Black of 
Edinburgh, some twenty years or so before Priestley 
began his experiments. Dr. Black observed that 
lime-water (that is, the clear liquid obtained by shak- 
ing water with slaked lime and allowing the excess 
of the latter to settle to the bottom) became slightly 
turbid when exposed to the atmosidiere, although 
no milkiness appeared when it was kept in a closed 
bottle. It was plain that there was something in 
the air which affected the lime-water, and, since the 
iiiilkiuess resulting from exposure was comparatively 
slight, Dr. Black felt justified in drawing a distinc- 
tion between the greater part of the atmospheric 
air and that small part of it which acted on the 
lime-water. This small part he called “ fixed air,*' 
and it is what we now term “ carbon dioxide ” or 
‘‘ carbonic acid gas.*' 

The experiments and conclusions of fecr- JEdin- 
burgli professor may seem trivial, but in re^Uity 
they were epoch-making. The old view that air 
was an element, incapable of being resolved into 
any simpler constituents, had been successfully 
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chanenge<l,«and Priestley ’a experiments were to put 
the matter beyond all doubt. It is noteworthy 
that while in Leeds Priestley stayed next door to a 
brewery, and it was this circumstance which led 
him, at the outset of his scieiitilic career, to make 
experiments with carbon dioxide, large quantities of 
this gas being produced in the process of brewing. 

Closely connected with his work on “ fixed air ” 
were Priestley’s experiments on the change produced 
in ordinary air by the burning of a candle. It was 
even then well known that wdien a candle is lighted 
in a closed space, say in a bell jar over water, the 
flame soon goes out, and the residual air, however 
long it is left to itself, remains incapable of support- 
ing combustion. Priestley now made the very in- 
teresting discovery that such vitiated air could be 
restored through the agency of vegetation. He 
states that on the l7th of August 1771 he put a 
sprig of mint into a quantity of air in which a 
wax candle had burned out, and that on the 27th 
of the same month Another candle burned perfectly 
well in it. This w’as a great surprise to TViestley ; 
and further experiments were made which showed 
that tt^' remarkable result obtained did not depend 
on anything peculiar to mint, but that balm, 
groundsel, or spinach were equally effective. 

Just as the burning of a candle in air 
makes it incapable of supporting combustion, so 
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auinials shut up in at closed spaCft can live 
only a certain lime. This fact was known to 
Priestley, and he was able to show that the air ' 
rendered noxious by respiration could be made fit 
for breatliing again through the agency of vegeta- 
tion. It was quite plain to liiin, tlien, that plants 
reverse the effects of animal respiration ami tend to 
keep the atmosphere sweet and wholesome. 

Tliese early experiments further made it clear 
that the pliysical life of an animal is in some 
respects very similar to the burning of a candle ; 
our Ijodies are the scene of chemical changes which 
may fairly be described as combustion. The 
observation tliat aiiinuil resjiiratioii has the same 
effect on air as the burning of a candle suggested 
to Priestley a method of estimating the goodness of 
any sample of air. It was necessary only to insert 
a liglited candle : if it continued to burn, the air 
was fit for respiration ; if the flame went out 
immediately, the air was noxious. This may seem, 
a crude and old-fiishioiied way of finding out 
whetlicr a given atmosphere is suitable for breath- 
ing or not, but the method is not so out of date 
as rniglit be imagined. In certain mine?S' *H-t the 
present day the behaviour of a burning cand.h3 is 
taken as an indication of the condition of the air 
below ground. 

One specially interesting illustration of this 
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is furnislRfd by whatf took place after the 
disaster at the Snaefell lead mine, in the Isle of 
Man, ill 1897. Owing, apparently, to the ignition 
of sonic wood, the lower parts of the mine became 
full of foul gas, and when the miners went dcjwn 
the main shaft to their work, they entertul the 
noxious atmosphere and succumbed in a very short 
time. Altogether about twenty men lost their lives 
in this way. The work of the rescuing and (explor- 
ing party was obviously very risky, and it was 
necessary to ascertain definitely how fiir down the 
shaft it was safe to proceed. One of the methods 
employed was to lower a candle from one stage to the 
next, and the Inspector of Minos has graphically 
told that tlie party got on all right as far as a 
certain platform about 1150 fathoms from the 
surface, but tluit the flame of the candle went out 
when lowered to the bottom of tlie next ladder. 
The limit of safety was indicated very clearly in 
this way. 

Priestley's method, then, of testing the goodness 
of air has still a practical value. But he not only 
observed the eifects which respiration and combustion 
alike on the condition of the atmosifiu'Te, he 

also discovered an air,” or a gas, as wc should now 
call it, which was much better than ordinary air, 
both for breathing and for helinng a candle to burn. 
This wonderful discovery, which will cause Priestley's 



10 


CHEMICAL SCIENCE 


CHAP. 


iiaino to be remembered sf) long as tliere*is a science 
of chemistry, was made in a very odd way, and 
sliows what may come of an intelligent curiosity. 

A large burning-glass, twelve inches in diameter, 
had come into Priestley's possession, and, like a 
boy with a new tool, he eagerly went round his 
laboratory, trying its effect on all sorts of substances. 
Amongst these was oxide of mercury, a red substance 
which is obtained by lieating the metal quicksilver 
in air. The result of focussing the sun’s rays on the 
mercury oxide by means of the lens was to make 
it give off a i^onsiderable quantity of a gas, which 
Priestley collected and examined. He made his 
candle test as usual, and found to his very great 
surprise that the combustion in this air ” was 
remarkably vigorous ; further, a piece of glowing 
wood sparkled in it and was rapidly consumed. 

Some time later Priestley conceived the idea of 
testing the goodness of this new air ” by putting 
a mouse into two ounce measures of it. Tlie result 
was remarkable. Wliereas the mouse could have 
lived only about a quarter of an hour iii that 
quantity of common air, it lasted three times ^as 
long in the strange gas, so that there \vas»TO^,doubt 
about its superiority from the point of viqw of 
respiration. This was confirmed by the investigator 
himself breathing it, and he tells us that Ids breast 
“ felt peculiarly light and easy for some time after- 
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wards/' Tfiis experiment also has its nioderii 
counterpart, for in certain cases of serious illness 
‘ and^as a last resort pure oxygen gas, which is just 
the •new “air” discovered by Priestley, is supplied 
to the patient, so that the flickering flame of life 
may be supported a little longer. 

The occurrence of the “ light and easy ” feeling 
which Priestley experienced on breathing his new 
“ air ” has been confirmed by some very interesting 
experiments made recently. Tests were made on 
students who ran up and down stairs as hist as 
possible a given number of times, and had pure 
oxygen administered to them before and after their 
effort. It was found that by breathing oxygon the 
time of the run was shortened and tlie ])ulse 
frequency was lowered, while the feeling of distress 
and fatigue which follows such exertion was very 
much relieved. 

Although Priesyey’s sidendid j)ioneer work on 
carbon dioxide and oxygen overthrow the old notion 
that air is an elementary substance, there were 
many (Jiscoverics in this connection which were left 
foj others to make. lie actually failcjil to recognise 
nitrogen, the gas which, so far as hulk goes, is tlie 
main^ constituent of the atmospliore, We now 
know that air is a mixture chiefly of the two 
elementary gases, oxygen and nitrogen, the latter 
forming about four-fifths of the whole. This was 
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.actually proved by an (Experiment wlifcli I^riestioy 
made and described in bis papers without realising 
its great significance. lie found that when a' 
confined quantity of air is Icept in contact Avith 
a moist mixture of iron filings and sulphur the 
volume of tlu; air undergoes a diminution of about 
one-fifth. The oxygen, very ready as it always is 
to unite witli other suljslances, had combined with 
the iron to form oxide, and the residual “ air,” liad 
Priestley only realised it, w.as nitrogen. This gas 
is as mucli an (dementary substance as oxygen, but 
is far l(jss active in combining with other elements. 

J^von with tlie discoverv of nitrogen as a definite 
element, mad(» in 1772 by Rutlu^rford, Professor 
of Botany in I^diiiburgli, tlio elucidation of the 
(diemical nature of tlic atmosphere was not com- 
])leted. In comparatively recent times has come 
the proof that common air contains quite a number 
of gases, most of them in very^ small quantity and 
all extremely reluctant to unite with any other 
kind of mattei’. It is owung, in fact, to this 
inertness that it has been so (lifficult to recognise 
and isolate these curious elements. The existence of 
argon, for instance, which forms about one ]jer cent 
of common air, was discovered only by the ol^erva- 
tion that “ atmospheric ” nitrogen, obtained from 
air by removing the oxygen, the carbon dioxide, 
and the water vapour, is somewhat heavier, hulk 
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for bulk, titan the nitro^ii derived from various 
chemical compounds. 

It is worth while to realise how small w^as the 
difference actually observed by Lord Eayleigh, who 
first investigated this matter. He found that the 
weight of the “ atmospheric ” nitrogen filling a 
certain glass globe was one -seventh of a grain 
greater than the weight (35^ grains) of the 
“ chemical ” nitrogen which occupied tlie same space. 
Xhis may seem a very small dillereiice, and many 
investigators would probably have attributed the 
discrepancy to some error in their cxi>eiiments and 
would have thought no more about the matter. 
Lord Eaylcigh, however, was able to show that 
the difference was a real one, 2 iot due to any 
experinieiital error ; and ultimately, in co-operation, 
with Sir William Eamsay, he suecetxled in separat- 
ing and (ixamining the argon wliich is present in 
atmosplieric nitrogen and renders it lieavier than 
chemical nitrogen. A striking example this of 
the value that attaches to accurate observation of 
what is apparently trifling! 

^ (Ireat advances have indeed been made since 
Priestley’s day in the study of the atmosphere and 
of th^ nature of gases generally, but his t5xperimeiits 
formed the starting-point of all modern scientific 
progress in tins direction. It was not only that 
lie discovered certain fundamental facets about 
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common air, but lie *\vas tlie to show 

how gases could be easily stored and handled. 
This in itself was a distinct achievement. It 
must be remembered that gases have many 
peculiar characteristics as contrasted with solids 
and liipiids. They are generally invisible, and 




Fig. 2. — Priestley’s Piiciim.'itie ^J’rougli, 


they cannot be handled like so much sand or 
water. Priestley showed how gases could be 
collected and stored over water, out of e^ontact 
with the atmosphere, and the apparatus he devis^ed 
for this lairpose, his famous pneumatic trpjigh, is 
in some form or other one of the indispepsable 
articles in a chemical laboratory. 
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CHAPTEK II 

OLD IDEAS AND NEW FACTS ABOUT A COMMON 
SUBSTANCE 

We need not wonder that the philosophers of the 
ancient world regarded water as one of the elements, 
for it is everywhere in evidence, and life on this planet 
would be impossible without it. Water is indeed 
an absolute necessity of existence. Further, we 
arc not familiar with any process taking place in 
nature whereby water is broken down into simpler 
things, or whereby other substances unite to 
form water and water only. Tlie “ man in the 
street,” therefore, lias really no reason to suppose 
tliat wat(ir is anytliing else than matter of tlie 
simplest kind. The investigations of the clicmist, 
howevcjr, have repealed the wonderfid fact that 
water is not an element at all, but contains two 
still simpler, more elementary, substances, na,mely 
hydrogen and oxygen. In the language of chemistry, 
\\^ter is a chemical compound of hydrogen and 
oxyg(vi. 

i^^ow one of the standing marvels of cliemistry 
is the extraordinary way in which the properties ol‘ 
two elements are altered when they form a com- 
pound, and the formation of water from hydrogen and 



16 


CHEMICAL SCIENCE 


CHAP* 


oxygen furnishes a most*' striking exaiitple of tliis 
fact. Hydrogen and oxygen resemble each other 
in being invisible gases, or airs,” as Priestley wpuld 
have called them, but they are very different'^ in 
other respects. Oxygen, as was shown in the last 
chapter, is that clement in the atmosphere which 
supports combustion and is necessary for the 
continuance of life. Hydrogen, on the other hand, 
is a combustible gas, and in the early days was 
known as “inflammable air”; it is not an ordinary 
constituent of the air, and would not be suitable for 
breathing if it were. 

Onii of the most remarkable properties of 
hydrogen gas is its extreme liglituess. Every one 
knows that soap - bubbles blown with ordinary 
air gradually fall to the ground ; those blown 
with hydrogen, however, are so light that they 
rise. This fact was discovered in 1782, and it 
was not long till some one mpde the suggestion 
that hydrogen might be used in filling balloons. 
The experiment was tried, and in 178.‘> two 
gentlemen in Paris made the first ascent,, in a 
balloon filled with hydrogen. About forty years 
later the i)lan of using coal gas instead of hycilrogen 
for this purpose w'as adopted, and since that ^time 
most balloons have been inflated Avith coal gas. 

Py 1820 the streets of London and Paris were 
generally lighted with coal gas, and it was obtain- 
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able withoui'much difficulty. Coal gas contains, 
as a rule, about 50 per cent of hydrogen, and this 



Fia. 3. — Cavenilislj, who ostablislied the true nature of hydrogen 
iii 1766. 


fact largely accounts for its being considerably 
lighter than ordinary air. Experiments have shown 
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that air is about foivleen times •as heavy as 
liydrogen, l)ulk for bulk, and from two to two and 
a half times as heavy as coal gas. 

The true nature of hydrogen was first established 
in 1766 by (7ivendish, the English chemist to 
whom reference lias been made in tlie previous 
chapter. To liim, too, is due the discovery tliat 
water is not an element, but a compound of hydrogen 
and oxygen. It lias l)ecn urged that other workers 
liave claims to be regarded as the discoverer of the 
true nature of water, aud tlie names of Watt, the 
inventor of the steam-engine, and of Lavoisier, the 
eminent French man of science, have been bronglit 
forward in this connection. It is quite true that 
these men were studying tlie jiroblem of water at 
tlic time, but then^ is no doubt that Cavendish 
made the experiments which definitely settled tlie 
matter. 

Priestley had noticed that when a mixture of 
air and hydrogen is exploded by an electric spark 
in a glass vessel, something like dew was deposited 
on the inside. Cavendish, in his characteristic 
way, made more accurate observations of this 
interesting phenomenon, and the results^ of his 
experiments may be described in Iiis own ^words. 

“ When inflammable air and common air,” he says, 
"‘are exploded in a proper ])roportion, almost all 
the inflammable air and near one -fifth of the 
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coinrno]! air ‘fose tlicir elaatieily and arc condensed 
into dew. And by this experiment it appears that 
•this dew is plain water, and consequently that 
alinoct all the innaniniable air and about one-lillh 
of the common air arc turned into pure water." 
Cavendish then repeated the experiments, using 
pure oxygen instead of air, and found that when 
two parts by volume of hydrogen and one part by 
volume of oxygen are exploded by an electric spark, 
the whole is converted into watei\ 

Thus the composition of water was establislied, 
and the old idea of it as an element was Jinally 
overtlirown. Wliat a striking instance, too, is 
furjiished by this formation of water Ironi hydrogen 
and oxygen of the extraordinary transformations 
that are brouglit about by (diemical forces ! Dcfore 
the change is initiated Iiy the heat of the electrics 
si^ark we have a mixture of two gases, one of which 
is inllammable, and l^oth of wliicli are incapable of 
assuming tlie liquid state until they have been 
cooled two liundred degrees or more below zero ; 
after th^ exj)losion nothing is left Init a little liarm- 
les^ water, wliich exists in the liquid state at the 
ordinar;^ temperature. It is one (jf the fundamental 
marN'el^s of (iheinistry, and, could we but realise it, a 
far more wonderful occurrence than anytliing the 
magician or eonjiirei* can produce. 

Apart from these discoveries nbout its true 
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nature, water has am interest aiifl* a practical 
importance because it is able to dissolve other 
substances. Everybody knows that a little^ com- 
mon salt, to take one example, disappears* very 
quickly when put into water, especially if it is 
stirred or shaken. The water is said to dissolve 
the salt, and it has long been a question wlictlier 
this effect is due to the action of chemical forces 
or whetlier the two substances are simjdy mixed 

I 

togetlier, like oxygen and hydrogen in a vessel before 
they are exploded by an electric spark. The fact 
that it is very easy to separate the water and 
tlie salt, by evaporating away the water, would 
seem to iiidicate tluit a salt solution is merely a 
mixture, and yet there are many other facts in 
favour of the view that when salt dissolves in water 
chemical forces are at work. Tlie problem is rather 
a difficult one and cannot be discussed here. 

As has just been stated, it is genendly very 
easy to recover a substance from its solution in 
water, by tlie simple process of evaporation. 
Indeed the chemist in his laboratory rnakeSj frequent 
use of the process of solution, followed by eva;oor- 
ation, in order to purify substances. Supoose, for 
instance, that we had a sample of comn^on salt 
containing chalk (that is, carbonate of lime), and that 
we wished to obtain the salt in a pure condition. 
This can be done by stirring or shaking the impure 
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salt with water and then# “ filtering,” to use the 
chemical term. This means pouring the water into 
U piece of blotting- 2 )aper folded in the form of a 
cone .and supjiorted hy a funnel, the liquid which 
runs through being caught in a dish below. Now 
chalk is not soluble in water ; it therefore remains 
on the blotting-iiaper and is thus separated from 
the solution of jjure salt in the dish. The water in 
the solution is then evaporated or boiled off and 
the pure salt is left behind. 

(J unpowder might be treated in the same way. 
Tliis material is a carefully i)rei)ared mixture of 
charcoal (or carbon), suljdiur, and nitre — the first 
two being elements, the last mentioned a chemical 
compound. Of the three constituents only one, the 
nitre, is soluble in water, so that by boiling gun- 
jxjwder with w’ater, filtering, and evaj^oratiiig, Ixiauti- 
ful white crystals of this coiiii)ound are obtained. 
It is indeed a common experience of the chemist, 
making use of these simple })rocesses of solution, 
filtration, and evaporation, to extract beautiful 
crystallyie j^roducts from tlie most unj)romisiug 
material. 

It i^ not only on the small scale of laboratory 
experiments, but also on the big scale of teclmical 
operations that solution in water and evajioration 
are useful to the chemist. An interesting illustra- 
tion of this is furnished by the methods adoj)ted 
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ill Clieshiie for getting salt froni *1)116 extensive 
salt-beds which lie far below tlie surface in that 
district. The practice of mining the^ salt in the* 
same way as coal is in vogue to some extent^ but 
by far the greater part is raised }>}■ an entirely 
difiercnt method. A bore-hole is made through 
the overlying strata down to the salt-beds ; water is 
run into the hole and in a short time dissolves a 
quantity of salt. The brine so formed is then 
jmmped up to tlie surface and afterwards evaporated 
in shallow pans, till the salt separates out in 
crystals. Over one million tons of salt are raised 
every year in England in this way. The method 
is an imitation of Nature ; for in inuiiy places we lind 
brine springs wliere water, containing quantities of 
salt, comes to the surhice of its own accord. Halt 
is obtained also from this natural brine, as well as 
by the evaporation of sea-water under the heat of 
the sun\s rays. 

i 

The process of evaporation of water from a 
solution is sometimes so conducted that tlie vapour 
is condensed. When this is done, the operation is 
described as ‘'distillation,” and the boiler or "still’' is 

I. 

closed except for a pipe wliich connects with a 
coiled or " worm " tube, cooled iu a tank of cold 

7 

wiiter. As the solution is heated in the boiler, the 
condensed water trickles from tlie end of the worm 
tube and may be collected in any suitable vessel. 
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The dissolved* substance, sf^t for iustanco, remains 



t'hoht— I’nifmvinttl li. Umh'rafiMut. 


l^Kj. 4. — Tlui eviiporatiuu of briiiu by the heat of the sun. 

behind in the atill, and the process of distillation, 
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therefore, affords a meai^ of obtaininj^ pure; water 
from a solution. Ocean liners are regularly fitted with 
distilling apparatus, so that a good drinking-supply' 
may be obtained from sea-water. * 

• It is not only sea- water that contains dissolved 
substances. Even so-called “ fresh ” water, obtained 


from springs, rivers, or lakes, is found to hold in 
solution (piite appreciable quantities of salts. The 
reader may be reminded hei*e that the term “ salts ” 
covers a large number of substances, such as sodium 


chloride (common salt), calcium carbonate (chalk), 
magnesium sulpliato (Epsom salts), and ^>otassium 
nitrate (nitre or saltpetre). Tliey are alljM^uced 
by tlio interaction of an acid hydi^H||0it^ic 

acid, carbonic acid, sulphuric acid, or nitric acid) 


with a substance of an opposite character, known 


as a base,” c.g. soda, lime, magnesia, potash, or 


anuiaoiiia. 


l^e salts present in fresli wiiter are derived from 
the soil or the rocks through which the water has 
percolated, or over which it has flowed. I’or the 
rain which falls on the earth is jiracticajly free 
from dissolved substances, as may very easily Jbe 
shown by collecting some in a glass dij^h and 
evaporating away the water. Tliis is only . what 
we should expect, since rain-water is the result of 
natural distillation. It has accumulated in the 


clouds by the evaporation of water from the surface 
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of the> globfi* more particijlarly of tlie oceans, and 
such evaporation, or distillation, as we have seen 
•already, is a means of obtaining pure water from a 
solution. 

The actual amount of salts dissolved in spring or 
river water depends, of course, on the nature of the 
soil or the rocks with which it has been in contact. 
One of the commonest substances present in 
ordinary fresh water is chalk, or calcium (jarboriatc, 
to give it the systematic chemical name. Tliis 
statement may seem to the reader inconsistent witli 
what was said above about the insolubility of chalk 
in water. The explanation is that although chalk 
will not dissolve in ordinary water, it will do so in 
"water wliich is charged with carbon dioxide. Tliis 
may be verified by continuing an experiment to 
which reference was made in the first chapter. It 
was there stated that when the gas carbon dioxide 
is bul)bled through lime-water (obtained by shaking 
up slaked lime with "svater and pouring off the clear 
portion) a cloudines^ due to the formation of chalk, 
is produced, (hiriously enough, howev(?r, if we 
continue to pass carlioii dioxide through the turbid 
lime-water, the cloudiness disappears ; the chalk 
becomes soluble when tlie water is charged with 
carbon dioxide. 

Now falling rain picks np some of the carbon 
dioxide from the atmosphere, and when it readies 
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the ground it is to 8onie,ext(;iit cliarg^l with that 
ifas. Should it then come in contact with chalk or 
limestone, some is dissolved and tlic properties of 
the wattn*, from tlie point of view of domestic or 

technical purposes, 
are altered. A 

water wluch con- 
tains a good deal 
of chalk or otlier 
salts ill solution 
is described as 
‘‘ hard ; a rel- 
atively large 
(|uantity of soap 
is needed to pro- 
duce a lather in 
such a case, for 
the first jiortions 
^ of the soaj) a.re 
used up in con- 
; verting the chalk, 
etc., into curd. 
Waters, on tlje 
other Jtand, ^hi(rh 
contain very small quantities of such dissolved^ sub- 
stances or none at all, — rain-water, for instance, — 
are termed ‘‘soft”; a very little soap is sidlicient 
in this case to make a lather. 




M 


0LD IDEAS AND NEW FACTS 


27 


So far ftS the liardncgs of a water is clue to 
the presence of carbonate of lime (or carbonate of 
magnesia, whicli behaves similarly), it may be 
renM)ved by the sim]>Ie process of boiling. The 
elfect of this is to boil off the extra carbon 
dioxide, by virtue of which alone the chalk 
w'as capable of dissolving; the chalk itself is 
consequently thrown out of solution and is 
deposited on the inside of the vessel in which the 
water is Ijoiled. A glance inside any kettle w'hich 
is constantly being used to boil hard water will 
reveal the presence of the chalky deposit or ‘‘ fur,” 
as it is sometimes termed. Water, consequently, 
which has been boiled requires less soap to form a 
latlier tliau some of the same water wliicli has not 
been boiled. 

The furring <d’ a kettle is in reality very closely 
related to tlie formation of “ stalactites ” and 
“stalagmites” in limestone caves. When rain- 
water charged with carbon dioxide ])ercolatcs 
through the rocks Situated above such a cavern, it 
dissolves a eonsideraldo quantity of caleiujji car- 
bonate, whicli is caiTied with the water to tlie roof 
of the cavern. Here, as the dro[)S slowly form 
and ultimately fall to the ground, some of the 
carbon dioxide in the water has time to escape ; and 
in proportion as the gas gets away the water loses 
its power of holding calcium carlxmate in solution. 
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Some of this substance, tjjierefore, is clelx)site.d from 
each drop at the point where it falls ; and in the 
course of years and centuries the quantity may 
have so accumulated as to produce a conical, icude- 



FiCJ. G. —Stalactites and irjjalaginites. 



like mass of calcium carbonate hani^ing from the 
roof of the cavern. This mass is described as ja 
'' stalactite.” 

c 

A further loss of carhon dioxide, and conse- 
quently a further dex)osition of calcium carbonate, 
occurs «as the drops of water are falling and after 
they have reached the ground. Hence there is 
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«i 

gradually Wiilt up on Jihe floor of the cavern 
a mound of calcium carbonate, known as a “ stalag- 
mite,” which rises to meet the corresponding 
stalactite. If the process has continued long 
enough, the stalactite and stalagmite may have 
met, so tlijit a complete column of calcium 
carbonate is formed. 

Chalk is the commonest of the substances which 
natural waters, apart from sea - water, hold in 
solution, but there are many others frequently found 
along with calcium carbonate. Tliere is, for instance, 
the carbonate of magnesia, as well as the sulphates 
and chlorides both of lime and magnesia. Some- 
times the water from a spring contains such a large 
quantity of a particular salt that it is quite 
exceptional, and it is tlien spoken of as a “ mineral ” 
water. The bitter springs at Epsom, for instance, 
yield a water with a comparatively large quantity 
of sulphate of magnesia, and this compound is 
accordingly known as Epsom salts. Otlier whalers, 
again, such as thoSe at Marieiibad, contain large 
quantities of sulphate of soda. Some springs are 
characterised by (jasoi with which their waters are 
charged. The well-known Seltzer and Apollinaris 
waters are good examples of tlvis ; they are rich in 
carbon dioxide, and contain in addition small 
quantities of the carbonate and chloride of soda. 
Sulphur springs, such as those at Aix-la-Chapelle 
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juid JTaiTo.i;ato, yicdd tlu^ uiiploasant ‘snnelling gas 
known as sulpliur(3tted hydrogen. 

Wlioii ordinary suhslances, sugar and salt for 
instance, arc put into water and dissolved, nothing 
very striking happciiis. There is none of the 
evident produetion of h(3at wliich so often accom- 
panies chemical action, and perhaps leads so iiuiny 
people to think that explosions are a normal 
and regular kind of chemic.al change. Ihit in 
certain circinnstances even water, witli all its sober 
and cooling (pialiti(‘.s, may develop a good deal of 
lieat wlien brought into contact witli other substam^es. 
A sim|)le example of this is furnislied by t}ic result of 
])ouring sulpliurie acid, sometimes known as vitriol, 
into a vessel of water. A large amount of lieat is 
produced, and tlic vessel may become too hot to 
hold. 

JMore familiar, perhaps, to most people is the 
cliemical change known as the slaking of lime. 
This is a process which is carried out on a large 
scale in the prc^paration of building mortar. Pieces 
of *‘(iuick” lime, obtained by strongly heating 
limestone so that the carbon dioxide in this material 
is driven oif, are moistened with water, and presently 
it is seen that (juan titles of steam are being pro- 
duced, and that the hard lumps of the quicklime 
are swelling and cracking in every diiection, ulti- 
mately foiling down into a soft powdery substance. 
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These effecliJ? are the result of chemical action ; 
quicklime, whicli is a compound of the metal 
• calcium with oxygen, enters readily into chemical 
comjbinatioii with water, forming another substance, 
known commonly as slaked lime. 

One usually regards water as by its very natunj 



Fi<J. 7. — Slakini: lime. 

op])Oseil to lire, and^ yet it takes part in one or two 
interesting chemical changes which result in tlie 
production of inflainmaldc gases. There is the very 
iniportj^nt case of acetylene, the gas ))i‘odiice(l by the 
ac^iion of Avater on calcium carbide. This latter sub- 
stance^is prepared mi the large scale by Ijcating a 
mixture of limestone and coke in the electric furnace. 
Calcium carbide is a solid material, and by itself is 
quite harmless with regard to fire ; the addition of 
water to it, however, immediately causes the evolu- 
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tioii of acetylene, which js very readily iiillammable, 
and is characterised by its high illuminating power. 
By regulating the addition of water to calcium car- 
bide the rate of production of the acetylene varies 
accordingly, and this principle is extensively made 
use of ill the construction of cycle and motor lamps. 

Another substance which is in some respects 
similar to calcium carbide in its response to water 
is calcium phosphide. This material is utilised 
in producing signal fires at sea, and for this 
purpose has only to be thrown into the water ; the 
phosphide is acted on chemically by the water and 
gives rise to a gas which is spontaneously in- 
fiammable. Tf it is intended tliat the signal shall 
last for some time, the phospliide may be put in a 
canister, supported on a wooden float, and provided 
with a hole at each end. When this is thrown 
overboard, the water enters at the lower hole, and 
the flame issues at the upper one. 


CHABTEE III 

THE I'UOnLEM OF COMIiUSTION 

The latter half of tlie eigliteenth century was a 
great epoch in the history of chemical science. It 
was ill these days that chemists found out the true 
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nature of air *1:111(1 water, discoveries that paved the 
way for the wonderful achieveineiits of later years. 
Jiiiother problem which was much in the minds of 
men 4 )f science about that time, and the solution of 
which was closely connected with the newly acquired 
knowledge of air and water, was furnished by the 
phenomena of combustion. The burning of a 
comlnistible substance and the production of flame 
had from the earliest times been objects of interest, 
even of veneration, and the making of fire was one 
of the notable achievements of primitive man. In 
spite, however, of this prolonged familiarity with 
the plicnomeiia of combustion, there was not until 
comparatively recent times any clear understanding 
as to what actually takes place wdicn a substance 
burns. 

During the gn^iater part of the eightetmth century 
the idea was commonly held among chemists that 
combustible material contained an elusive substance 
termed phlogiston.” They believed that, in the 
process of burning, the combustible substance and 
the phlogiston parted company, and that tlie escaping 
phlogiston was responsible for the phenomena of 
fire and^flamt 3 . Everybody knows that the hurning, 
say of a candle or a piece of wood, is accompanied 
by the disappearance of visible matter, and the 
mere appearance of a flame rather suggests that 
some elusive ethereal substance is escaping from its 
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material prison. The phlogiston theory, therefore, 
has something plausible about it. 

The credit of showing that a burning substance, 
so ftir from parting with anything, actually combines 
with a constituent of the air, is due to the famous 
French chemist Lavoisier. The discovery of oxygen 
by Priestley, and the proof of the compound nature 
of water, brought forward by Cavendish, contributed 
largely to the overthrow of phlogiston ; but it was 
the Frenchman who actually cleared away the 
fantastic ideas which had gathered round the 
plienomenon of combustion. Lavoisier, it is sad 
to relate, was one of the victims of tlie French 
Itevolution. Neither his public services nor his 
brilliance as a man of science availed him in these 
dark and bloody days. It was he who showed that 
combustion is the chemical combination of the 
combustible substance with the oxygen of the air. 
If this view is correct, then wc ought to find tliat 
the substances produced by the combustion, taken 
all together, weigh more tnan the combustible 
substance which gave rise to them. This is 
evidently a crucial experiment as between the 
phlogiston theory and Lavoisier’s account of com- 
bustion ; for, according to the former, the combustible 
substance, being relieved of phlogiston, sliould 
become lighter in the i)rocess of burning. 

In order to apply the test, say vrith a candle, 
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ifc is iiecesssfry to know, first of all, what are the 



invisible products into which the candle is converted 
on burning. Some candles consist of compounds nf 
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carl)on and hydrogen only, while otliers consist of 
compounds of carbon, hydrogen, and oxygen. In 
l)oth cases, however, the result of combustioji is 
the same — carbonic acid gas (carbon dioxide) ^ind 

water vapour are 
produ(.*.ed. 

Now it is fairly 
easy to burn a 
candle in such a 
way as to permit 
tlie cfipturo and re- 
tention of these 
products. A small 
candle end is fixed 
on a perforated 
cork, which fits 
into the lower end 
of a lamp glass. 
The upper part of 

FKi. 9. — Subst.'uices prodiureilby combus tllO glaSS is filled 
tion weigh more thiiii tluj combustible with pieces of 
tsubstaiicii which gives rise to them. , , 

caustic soda^ a sub- 
stance which absorbs both water and carbon dioxide 
with great readiness. As a support for the 
caustic soda, a piece of wire gauze is placed at 
the constriction of the lamp glass. "When this 
little apparatus is rcmly, it is suspended on one 
side of a balance, and then the other side is slightly 
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over-weightftfl by the addition of, say, shoi; pollcls, 
so that tlie end of the beam wliicli carries the laiiij) 
' glass^ is in the air. The candle is then removed for 
a moment, lighted, and replaced. The side of tlie 
balance carrying the candle descends in a very short 
time, and we have thus clear proof of tlie fact that 
the substances produced by the combustion weigh 
more than the combustible substance which gives 
rise to them. 

This experiment illustrates the very valuable 
service which tlie balance renders in the investiga- 
tion of chemical problems, Since the tlays of Lavoisier 
this instrument lias enabled the chemist to learn 
a great deal about the wonderful laws which regulate 
chemical changes of all sorts. An instance of the 
value of the balance has already been (juoted in 
tlie first cliapter, where it was pointed out tliat a 
small difference in weight convinced Lord Rayleigli 
that there must in atmospheric air a gaseous 
element similar to nitrogen, hut somewhat heavier 
bulk for hulk. One may, indeed, safely say that 
the modern advaiuic of chemical knowledge dates 
fairly definitely from the time when the balance 
came Jbo be recognised as a regular part of the 
equiimient of a laboratory, and wlien it was regarded 
as necessary to find out not only what sort of 
substances were taking part in a chemical change, 
but also how mmh of each. 
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Since the days when l^ie question “ What is fire ? ” 
received a satisfactory answer, the problem of com- 
bustion has been continually cropping up in ever' 
so many dillerent forms, and the chemist has d)eeii 
led gradually to see that a very large number of 
chemical cljanges belong to this class. It is, of 
course, part of the business of the man of science 
to detect similarity in things which appear quite 
different, and to put side by side phenomena which 
to tlie outsider seem quite unrelated, but are really 
closely connected. 

The rusting of iron, for instance, is in many 
respects similar to combustion. The burning of a 
caudle in a closed S})ace, say in a bell-jar over 
water, ultimately renders the air in that sj)ace unfit 
for breathing, and unable to support combustion. 
Now the effect of allowing iron to rust in the air 
of a bell-jar over water is exactly the same ; the 
air l(}ft behind when the formation of rust has 

4 

ceased will not permit a candle to hiirii, and is unfit 
for respiration. It is clear,' therefore, that when 
iron rusts it removes from the air the savie con- 
stituent as is necessary for the combustion o^ a 
candle. In both cases — burning and rustjng — it 
is the oxygen of the air which is concerned in the 
process, and we might describe the chemical change 
in each instance as oxidation.” The difference 
between burnin<x and rusting lies in the fact that 
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one change 'fs rapid and ^tlie other slow, and this 
somewhat obscures the real similarity of the two 
• processes. A burning candle will consume the 
greater part of the oxygen in the air of a bell -jar 
in a minute or two, whereas moist iron will require 
hours for the same purpose. The result is that, 
although the combination of iron and oxygen is 
accomijanied by the production of a considerable 
amount of heat, the slowness of the change allows 
all this heat to get scattered, and the observer sees 
nothing in the rusting of iron to suggest the heat 
and light generally associated with combustion. 
There is no doubt, however, that heat is produced 
during the rusting of iron, aiid we are therefore 
justified in describing this change as a '' slow com- 
bustion.” 

Otlier facts, observed by clicmists, encourage one 
to accept this extension of the idea of combustion. 
Iron, which in rusting combines slowly with the 
oxygen of the air, may be made also to undergo 
rapid combustion. For this purpose iron must be 
prepared in a very finely divided condition, so that 
a Jarge surface is exposed. Iron powder in such 
a state will oxidise spontaneously and suddenly 
when thrown into the air, and tlie combustion is 
rapid enough in this case to give the phenomena of 
heat and liglit. 

On the other hand, it is possible to burn even 
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an inflammable gas snc^i as hydrogAr at ordinary 
temperatures, so slowly that the j)roduction of lieat 
and light is not apparent. This can he done with 
the help of what is kmnvn as “colloidal platiir.um,’' 
a brownish liquid consisting only of w^atcr and 
exceedingly fine, suspended particles of the metal 
platinum. If a small quantity of this liquid is 
shakeii in a bottle with a mixture of liydrogen and 
oxygen — a mixture which, if a match were put to 
it, W'ould go off wutli a violent explosion and 
probably burst tlje bottle — the hydrogen combines 
slowly witli the oxygen and water is formed. The 
heat produced wlion a given quantity of hydrogen 
undergoes this slow combustion has time to scatter, 
but in reality is quite as great as when the 
liydrogen is mixed with oxygen and burned in a 
inomeiit with bang and flash. 

The wider idea of combustion which these and 
other fixcts lea<l us to adopt has proved very useful 
in connection with various practical problems which 
tlie chemist has liad to solve from time to time. 
Chemistry, after all, is not an allliir of laboratory 
experiments only. Many natural processes are 
really chemical changes ; many devices of civilised 
man, both in the home and in the factory, depend 
on the operation of subtle chemical forces, and the 
chemist, tliereforc, has very often to deal with 
problems which arise in the course of ordinary life. 
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Some of* these problciYS wliich are interesting 
in the present connection liave been suggested 
•by the fretpient occurrence of what is known 
as V spontaneous combustion.” Various materials 
have been observed in certain conditions to ignite 
of their own accord — at least without any very 
obvious cause. There is, for instance, the 
spontaneous firing of haystacks, which lias been 
known for a long time, and against which the 
farmer must be on his guard. If the hay is stacked 
before it has been sufficiently dried, (diemical 
changes begin and continue inside the stack, leading 
ultimately to the loss of the hay. Tlicre seems to 
be little doubt that minute living organisms or 
bacteria are responsible for these chemical changes 
to begin wdth, and that fermentation is set iij) by 
their subtle agency. For this process moisture is 
necessary, and hence it is that firing is so much more 
likely to occur when the hay is imperfectly dried. 

'J’o some extent fermentation resembles com- 
bustion, for one of its* chief results is the conversion 
of complex carbon compounds, such as are present 
in^hay, into carbon dioxide; further, the process of 
fermentation is accomiianicd by the production of 
heat. The amount of heat produced in this way is 
not very great, it is true, and if the fermentation 
were taking place in a small heap of hay exposed 
to the winds of heaven, nothing would result. 
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But the conditions are ^uite different •in tlie inside 
of a stack. There the hay which is undergoing a 
slow fermentation is cut off from the outside hy* 
great masses of the same material, and since hay is 
a very bad heat conductor, the heat produced at 
any spot where fermentation is taking place cannot 
escape very easily. It therefore accumulates, and the 
temperature rises wlierever the hay is fermenting. 

Now tlie bacteria become more active as the 
temperature rises, and consequently the fermentation 
and production of heat take place more quickly. 
It is plain, therefore, that the accumulation of heat 
becomes rapidly greater, like a sum of money 
at compound interest. IIow the chemical action 
started by the bacteria is continued at high tempera- 
tures is not exactly understood, but tliere is no doubt 
as to its vigour, or as to the enormous production 
of heat. Cases are on record where the interior of 
a stack was found to be charred completely, and the 
carbon to which the hay had been reduced burst 
info flame at once when spread out in the air. 

Another interesting jiractical problem connected 
with spontaneous combustion is the cause of the 
self- ignition of coal on board ship. The losses 
incurred in this way some forty years ago were so 
great that a Iloyal Commission was appointed to 
consider the matter. The evidence collected by 
this Commission showed that in 1874 actually 
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more than fiTty British cpal - carrying ships were 
destroyed by fire owing to the self-ignition of their 
•cargo, 

Enquiry into the circumstances of those 
disasters showed that the bigger the cargo of coal 
and the longer the voyage, the more likely was 
spontaneous ignition to occur. A study of the 
problem by chemists proved that finely-divided coal 
might undergo slow oxidation, especitally in the 
presence of moisture. Now’' the mere tipping of 
coal into a ship’s hold reduces much of it to dust, 
and th('. constant rolling of the vessel during a long 
and stormy voyage acts in th(3 same direction. 

If, then, as may easily happen, tlie coal has been 
somewhat wet when taken on board, the conditions 
are fulfilled in which slow’' oxidation occurs. Should 
this take place in the middle of a big cargo of coal, tlie 
heat j)roduced by the oxidation has much difficulty 
in esca])ing, as in th^i case of the haystack, and the 
temperature rises. But the hotter tlui coal, the 
more rapid is tlio o:?adation ; the temperature rises 
more ti^id more quickly, find the combustion, wliich 
w<%s slow in the beginning, becomes impetuous and 
leads finally to ignition. 

Another dilliculty of the same kind arises in 
connection with the storage of greasy rags and 
the use of oils to lubricate wool before spinning. 
Heaps of cotton waste impregnated with oil or 
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grease liave been known to ignite spontaneously, and 
it is therefore extremely dangerous to have such 
accumulations about a factory. It may seem strange 
that greasy rags should give rise to fire, but the 
chemist is able to supply an intelligible explanation 
of this fact. In order to appreciate this we must 
bear in mind the curious property of absorbing 
oxygen possessed by many oils. Linseed oil, for 
instance, obtained Irom the seeds of the flax plant, 
if left simply exposed to the air, will take up a 
considerable quantity of oxygen, as is shown by the 
fact that it gains in weight to the extent perhaps 
of 20 per cent. It is then no longer a liquid, but 
a solid substance ; the oil is said to have “ dried.” 
On account of its bcliaviour in this respect linseed 
oil is largely used in the preparation of paints and 
varnishes. 

This absorption of oxygen by linseed and other 
“ drying ” oils is a chemical action, and, like other 
cases of oxidation, is accompanied by the production 
of lieat. This, of course, could not be observed if 
the oil were simply spread out on a plate* to dry ; 
the heat Avould be dissipated too easily. But 
a heaj), say of oily cotton waste, the conditions are 
very iavourable both for a rapid oxidation and for 
accumulation of the heat produced by the oxidation. 
The spontaneous ignition of coal, as was pointed out 
above, is .promoted by tine division of the material, 
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and it is weif known that any clieinical action in 
which a solid substance takes part is immensely 
S-ccelerated by increasing the extent of its surface. 
Now •cotton waste and rags present a very large 
surface to the air, so that any oil which they have 
taken up is in a condition sj^ecially favourable for 
rapid oxidation. Material like cotton waste or 
rags is also a bad heat conductoi*, and it is therefore 
not surprising that the heat which results from 
oxidation of the oil accumulates rapidly and may 
lead to actual ignition. 

The variety of circumstances in whicli spon- 
taneous combustion may occur illustrates very well 
the great extent of the field of chemical action. 
Even Avhen the (Question of combustion alone is 
considered, wo sec that the clieinist may be called 
in by the farmer, by the coal exporter, or by tljo 
elotli manufacturer to deal with difficulties arising 
incidentally in the course of these callings. And 
these problems can be solved only wlien the real 
nature of combustion has been made clear by 
accurate^ scientific investigation, and when it is 
recognised that combustion is not always an affair 
of great light and heat, but tliat it may be, in its 
early stages at least, a comparatively slow process. 

There are, after all, comparatively few people who 
are directly interested in the firing of haystacks 
and in the sell-ignition of coal or cotton waste, but 
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there is one form of combustion in which everybody 
is concerned, and that is the burning of coal in 
the domestic fire. This practice may bo a very ’ 
delightful one, but it is exceedingly wasteful,* and 
gives rise to much trouble in the sliapo of smoke. 



Phntn— ('harf.es Jielti. 


Fio. 10. — Tlie fouliug of the air hy sniohy cliiiiiiieys. 

Biiiuts, and fog. Ill Britain it is tlie almost nni- 
versal custom to employ open fireplaces, und the 
coal which is burned in these is of the “ bituminous ” 
variety, that is, it is comparatively soft, and yields 
niucli gas and tarry matter when heated. This 
coal cannot lie burned in the ordinary open grate 
without llie jiroduction of smoke, W’hich means so 
much loss of combustible material as well as jiollu- 
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tion of the afniosphcre. It would be difficult to 
say exactly how much soot is produced in England 
fivery year, but there is no doubt that the quantity 
is to«be reckoned in tens of thousands of tons. 

Wq liavo every right, therefore, on grounds both 
of economy and public health, to speak of “the smoke 
problem ” and even of “ the smoke nuisance.” The 
difficulty is not a new one, for when bituminous 
coal was first employed in England about the year 
1300, tlie smoke was pronounced such an annoyance 
that its use \vas for a time prohibited l)y law. 
Indeed it is said that a certain citizen of London 
was executed for burning this fuel ! 

What, then, has the chemist to say about this 
smoke nuisance, for it is obviously a problem in 
combustion ? Since it is impossible to secure 
j^crfect combustion of bituminous coal in open 
grates, it is plain that in order to improve matters 
either the character of our fireplaces must l)e 
altered, or so]jie otlier fuel must be employed. The 
way in which the ^oal is burned is of great 
importance, as all tliose will admit who have tried 
holding a newspaper in front of a dimly burning 
fire. The effect of thus closing the upper part of 
the grate front is to make more oxygen pass 
througli the fuel and so facilitate the combustion. 
Much has already been done in lessening the smoke 
from factory furnaces by regulating the air-supply 
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and feeding in the fuel by so-called' •>“ mechanical 
stokers.” The alteration of the domestic fireplace 
so as to secure the proper smokeless combustion of 
soft coal is quite possible, but is expensive, and has 
not been carried out to any large extent. 



/'/lofo- ~hitvrnntiiiii(U t’lihliratinns Co. 

Fjg. 11. — Furnaces with inr'ihanical stokers. 

As regards the possibility of replacing bitvminous 
coal by another fuel, chemical investigation has 
made it plain that the chief objection to the former 
is the large quantity of tarry matter which it 
yields on heating. This being so, one might 
suggest the use of anthracite, a hard coal which 
contains little volatile matter, or of coke, which is 
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coal artificiaily deprived of its gas and tar. The 
objection, however, to anthracite coal and coke is 
•that they are very difficult to ignite and, when 
they; have been ignited, burn without that bright 
flame which is part of the charm of the open 
fireplace. What is required is a carbonaceous fuel 
which contains enough gas to ignite easily and yet 
gives no tarry matter when it is heated. 

These conditions are fultilled to a verv large 
extent by a product known as coalite,” which may be 
descril)ed as half-coked coal. The process by which 
it is prepared is similar to that adopted in getting 
coke ; that is, soft coal is heated in retorts and the gas 
and tar which come off are collected separately. If 
the retorts arc heated to a very high temperature, 
all the gas is driven out of the coal and the residue 
is ordinary coke. When, how^evcr, the retorts are 
heated to a lower temperature, the tar and only 
part of the gas are expelled ; the residue (coalite), 
containing as it does some inflammable gas but no tar, 
ignites readily and bifrns with a smokeless flame. 

The^ general use of such a fuel would get rid 
of the smoke difficulty, and w^e may regard the 
problem as solved so far as the chemist is concerned. 
But the X)ublic, unfortunately, is not very ready to 
listen* to the advice of science, and the custom of 
burning dirty, smoky coal will probably die liard. 
From the commercial point of view also there are 
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(lilticulties ill tlic way of introducing tfeis smokeless 
fuel. 

Another way of avoiding the production of” 
sniokc is to give up solid fuel altogetlier and Jjuni 
gas. Where provision is made for first mixing it with 
air, as in burners of the Bunsen type, coal gas gives 
a smokeless llame and can he used to heat asbestos 
or some other solid, non-combustible material. Such 
gas fires have l)cen introduced to a considerable 
extent, but they are much less fascinating than the 
smoky coal fire ; they cannot be poked and notliing 
can be thrown into them, hence they are regarded 
with disfavour l)y many people. However this may 
be, it is fairly certain, from the purely chemical 
point of view, that the smoke problem will be 
solved in tlie future by the extended use of gas or 
a half-coked coal. 


CHAPTER.. IV 

SOUllCKS OF rOWEIl 

Since the earliest times man has constantly been 
endeavouring to get somebody or something else to 
do his bard work for him. With the object of 
saving labour and increasing the efficiency of manual 
work, imidements of all sorts have been devised, 
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from the siiilple iixe or hoyr of the primitive savage 
to the most cunning hand tool or machine of tlic 
present d.aj^ Even so much labour as is involved 
ill >he liandling of a tool could be avoided liy 
making somebody else do it, and so slavery arose. 
Put a substitute was to be found not only among 
one's fellowmen, but among the lower animals, and 
from very early times the ox and the horse especially 
have been trained by man to plougli his fields and 
bear his burdens. 

The forces of inaniiriate nature also have lieen 
invoked by man for similar purposes. Tlie wirul 
has been harnessed and its power has been utilised 
in the grinding of corn, the pumping of water, and 
the propelling of sliips. In our streams and rivers, 
too, we have an obvious source of power, one which 
has been much used in the past and is exceedingly 
valuable to-day. By the interniediate agency of 
water-wheels (ir tur^iines the fall of water from a 
higher level to a lower may be employed to drive 
a saw-mill, a thresliing-mill, or an electric dynamo. 
From a^dynamo electric current is ol)tained, so that 
it is possible to convert water power into electricity, 
which in its turn may be employed to light tlie 
streets, to work a lift, or drive a train. A crown- 
ing example of the utilisation of w^ater power for 
electrical purposes is found at Xiagara. The value 
of the total energy available there is to be reckoned 
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in millions of pounds sterling; but' bnly a small 
fraction of the energy is utilised as yet. 

From the chemist’s point of view water power 
is valuable because it is a cheap source of electricity ; 
and with the help of the electric current he can 
bring about some very wonderful chemical changes. 
An interesting example of what is done in this way 
is furnished by the aluminium works in the Scottish 
Highlands, at Foyers in Inverness-shire and at 
Kinlochleven in Argyllshire. The industry carried 
on at these places is the preparation of aluminium 
from the mineral known as “ bauxite/’ which consists 
chiefly of the oxide of the metal. We need not 
discuss here the details of the operation by which 
the metal is obtained ; the interesting point is that 
an electric current is used, and that water power 
serves for the production of the current. So far as 
this country is concerned, the conditions for securing 
a big store of water power arp best realised in the 
remote Highlands, for there the rainfall is heavy, 
and the mountainous nature of the country permits 
the storage of the water at a great heiglit above the 
machinery which is to be driven. At Kinlochleven 
the water is led from the reservoir into pipes at a 
height of 900 feet above the factory, and from 
that point the pipes, which are more than three 
feet in diameter, run down the hillsides for a mile 
and a quarter. 
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Norway is* a country in which, owing to the 



Flo. 12. — Water power at Kiiilochleveii. 

{By X^ermission o/the liritish AluminiunL Co., Ltd.) 

numerous falls, water power is mucli more abundant 
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than in Britain. Heucti electricity id cheap there, 
and chemical industries which require the electric 
current can be carried on under favourable condi- 
tions. The production of nitric acid from,, the 
nitrogen of the atmosphere is a case in point. As 
already stated, tlie chief constituents of the air are 
oxygen and nitrogen, mixed with each other but 
not combined chemically. It is rather difficult to 
persuade oxygen and nitrogen to form a chemical 
compound, but the union does take place to some 
extent when a discharge of lightning occurs. The 
compound of oxygen and nitrogen so produced 
yields, in the presence of water, tlie substance 
known as nitric acid, which contains the elements 
hydrogen, nitrogen, and oxygen. In tlie form of 
its salts, nitric acid is valuable as a manure, and 
it is therefore very desirable to make it from the 
atmosphere. This is done on a large scale in 
Norway, by a process which practically consists in 
producing artilicial lightning. The electric current 
required for this jiurjioso is obtained by the 
utilisation of water jiower. 

The bulk of tlie energy, however, which is avail- 
able at the present time for all the varied objects of 
human enterprise is derived not from wind or water, 
but from the combustion of fuel. It is this chemical 
change which makes possible the extraordinary 
engineering and industrial developments of these 
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later days, and the nineteenth century will always 
be remembered as the epdch in which men found 
•out what wonderful things could be done with the 
lielp/)f steam. Tlie steam, clearly, is only an inter- 
mediate agent ; the real source of power is the fuel 
employed to make the steam. We may regard a 
ton of coal, therefore, not only as so much material, 
but also as a store of energy, and the steam engine 
as sim])ly a contrivance for converting the chemical 
energy of the coal into mechanical work. This 
being so, the reader who knows the part jdayed by 
the steam-engine in modern civilised life will admit 
at once that there is more reason than ever for 
regarding combustion as the fundamental chemical 
change. 

It may be suggested, however, that steam is 
being displaced by electricity, tliat electric trains 
are taking the place of steam trains, and that 
electrically driven machinery is to bo found in 
almost every factory nowadays. That is (piite 
true ; but a little Consideration will show that 
cornbusjiion is still the real source of i)ower. Wliat 
happens is that the mechanical energy into which 
the chemical energy of the fued is converted is put 
first into a dynamo, from which in turn el(?etrical 
energf is obtained. Now electricity is a very 
convenient form of energy, because it can be trans- 
mitted by means of wires, or cables, to any desired 
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point, and there reconverted into inechanical energy 
by means of an electric inotor. 

Except, then, in the comparatively few i)laces 
where water power can be used in driving dynamos, 
combustion is still the only available i)ractical 
source of energy. It is true that the steam-engine 
has been disjdaced to a considerable extent by oil 
and gas engines, but in these also, altliough the 
nature of tlie fuel and the manner of its burning 
are different, it is combustion from whicli the power 
comes. One does indeed see less of the burning 
of the fuel in tliese days, of which fact our electrified 
railways supxdy an interesting oxamxde. In the old 
times each train liacl its engine, and on each engine 
I)ower was x:)roduced by the combustion of coal. 
Nowadays the combustion is carried on out of sight 
at some central station, and the electricity generated 
there is distributed along the railway line. This 
centralisation of the combustion iiroccss has led 
naturally to a great irnj>roveraeht in the atmosidiere 
of those underground railways which have been 
electrified, for they are now free from smoke. 

Combustion, then, is at the root of the re- 
markable engineering and industrial developments 
which the past hundred years have witnessed, not 
excluding the introduction of motors and aeroplanes. 
Nature’s stores of fuel are in fact a huge reservoir 
of energy, and the questions which interest the 
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chemist chieU/ coucern the kind of fuel which is 
available and the best and most economical way of 
using it. For it must be borne in iiiiiid that the 
combiistible material stored up in the earth, although 
it is very large in quantity, is yet not inexhaustible ; 
and in tlie interests of the generations to come it is 
only right that we should avoid waste as far as 
possible. 

AVhut sort of fuel, then, is it which Nature 
supplies, and what are the various ways in which 
the energy there stored up is utilised for industrial 
purposes ? All natural fuel, it should be remembered, 
is carbonaceous ; that is, it consists mainly of carbon 
or of compounds of carbon and hydrogen. In the 
process of burning, the carbon and Ijydrogen combine 
with the oxygen of the air and yield respectively 
carbon dioxide and water, and these final products 
of combustion remain the same whether the original 
fuel is solid, liquid, or gaseous. 

The chief solid fuels obtained directly from 
Nature are wood, peat,^nd coal. The first of these, 
however^ cannot be seriously reckoned as a fuel. 
It is true tliat a great deal of wood is burned in 
those countries where forests are abundant, but it 
is scarcely Titilised at all for manufacturing and 
industrial objects. Indeed, it W’ould be madness to 
use wood in this way, for our supplies of timber 
would be rapidly exhausted. As it is, the forests 
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of ]iiirope and North America arc dioappeariiiL;- at 
an alarming rate ; trees '^take a long time to grow, 
and vegetation, as we have seen, is the necessary- 
counterpart of animal life. Besides, vast quantities 
of timber are re(j[uired in the construction and 
fittings of buildings of every kind, as well as in the 
manufacture of paper. 

Tlie forests of the distant past are now no more, 
but we find tlieir remains below the surface of the 
ground. Since the vegetation of those far-off ages 
died or was submerged, the material of wliich it 
consisted has undergone a series of chemical changes, 
and we dig it up to-day in the form of peat or coal. 
Woody matter, apart from the water with which it 
is charged, consists, to a large extent, of cellulose, a 
cliemical compound of carbon, hydrogen, and oxygen. 
Ill the course of ages, liowcver, the cellulose from 
the fallen forests and jungles of the past has lost a 
great part of its oxygen and some of its hydrogen, 
and has been converted more or less completely 
into carbon. These changes 'have not proceeded so 
far in the case of peat as in the case of coal ; the 
latter material, tlierefore, contains a much higher 
proportion of carl)ori tlian peat, and it is also more 
compact, since it has been subjected to greater 
pressure. 

The amount of energy stored up in the peat 
bogs of the world must be enormous. The area 
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covered by tlie}?o is above 1,000,000 acres in Ireland 
alone, and about 100,000,0*00 acres in Russia, and 
it has been estimated that an acre of l)og, having- 
a depth of 8 feet, would yield about 1250 tons 
of dried peat. Here, then, is a huge store of a 
fuel which, unlike w'ood, cannot be used for any 
other purpose than combustion, and one is perhaps 
inclined to wonder why peat is scarcely ever 
employed except quite locally, in tlie immediate 
neighbourhood of the bogs. A little consideration, 
however, gives an intelligible explanation of this 
fact. 

Everybody knows that peat, when freshly dug, 
contains a very large (quantity of water. As a 
matter of fact, the proportion is sometinics as high 
as 80 or 90 per cent of the total weight, and it 
is no easy matter to remove all this water in a 
short time, and get tlie peat in a condition lit for 
burning. The oh I- fashioned way of letting the jKiat 
dry in the air is a slow jmjcess, unsnited to the 
demands of these hurtling modern days, and the 
fuel, evgn when dried, is very bulky for transport. 
In recent years, however, various devices have been 
adopted, which to some extent get rid of the difli- 
culties in the utilisation of p(;at. The water is 
squeezed out meclianically, and the dried material 
is compressed so as to produce a more compact fuel. 
We may therefore look forward to the peat bog 
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being more effectively used in the sSirvice of man 
than it has been up to tfie present. 

Even if this is tlie case, coal will remain, as it* 
has been in the past, the chief fuel which Nature 
supplies. The quantity mined in Britain every 



Fig. 13. — CoaMiowing. 


year is above 200,000,000 tons; and skice the 
people who know best estimate that our coal-supply 
will last at least several hundred years, the reader 
will see what a vast amount of energy lies^ below 
the surface of this little island. Of the coal which 
is burned in Britain about one-fourth is used for 
domestic purposes, while the remainder is consumed 
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ill manufactflfing and technical operations. Alto- 
gether, our dependence on coal is so complete that 
•if the supplies failed suddenly our modern life, on 



Phittu — l.'nilvruMMtU A Cmlf-rwinni. 


Fig. 14. — Coal at the pit-htad. 

both ite social and industrial sides, would soon be 
completely paralysed. 

Fortunately, there is no likelihood of our coal 
running short for some centuries to come ; but we 


62 


CHEMICAL SCIENCE 


CHAP. 


ouglit to remember all the same that the supply is 
not inexhaustible, and that the modern world is, in 
this matter of fuel consumption, living on its capital. 
It is therefore the duty of men of science of tlie 
present generation to see that the methods of con- 
suming coal are as little wasteful as possible. Tliat 
there is room for improvement is clear from the 
evidence given before a recent Royal Commission. 
One witness, indeed, estimated that if all steam- ^ 
engines were thoroughly efficient, 50 per cent of the 
coal now used in them might be saved. 

It is true that coal is not the only natural fuel 
which is available to-day on the large scale. In 
certain quarters of the globe, notably North America 
and Russia, tliere^ are large numbers of oil-wells, 
which yield liquid fuel in the same way as an 
ordinary si)ring gives water. Tlie occurrence of 
petroleum in some parts of the earth's surface has 
long been known, but the existence of enormous 
underground reservoirs is a discovery of com- 
paratively recent times. Tt^s not so very long ago 
since an American engineer, making a boring into 
the upper rock strata, ‘‘ struck oil,” as the saying is. 
He observed that when he had made a hole thirty 
or forty feet deep, oil came welling up of its own 
accord. This discovery naturally led to further 
investigations of the same kind, and during the 
last fifty years or so whole districts in the South of 
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Russia as \veW*as in the United States Lave been 
tapped and are now devotee! to “ oil-bearing/’ 

• The deptli at which the oil-yielding strata occur 
varic.'i much, and may be very considerable. In 
some cases bore-holes liave been sunk to a depth of 


mm 


Kic. 15. — A gii.snini; oil-wtil. 


nearly luilf a mile before an oil reservoir was taj)ped. 
Wliilo it is necessary sometimes to pump the oil up 
to the surface, there are many wells in which there 
is a spontaneous ilow. Indeed it is often found, 
especially when a new spot has been tapped, that 
the oil is under very great pressure, and tlie 
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difficulty in such cases is to avoid loss of valuable 
fuel. 

Numerous instances of such spouting or gushing 
wells are on record. Baku, the district in *South 
Russia where petroleum is chielly found, has been 
the scene of many such outbursts. In 1886, for 
instance, a certain well gushed to such purpose that 
tlie whole neighbourliood was deluged, and many 
tliousand tons of valuable oil were lost before it 
was found possible to control the outflow. Another 
well in the same quarter burst out into a fountain 
350 feet in height, and in this case also there was 
a great loss of material, so much so that a large 
petroleum lake was formed, winch overflowed into 
the Caspian Sea. 

The material which is thus obtained from the 
bowels of the earth is described as “ mineral oil, 
in contrast to the animal or vegetable oils, such as 
cod liver or olive oil, which are closely related to 
fats. Mineral oil, or petroleum, is a mixture of 
hydrocarbons (that is, compounds of carbon and 
hydrogen), and an extraordinary variety of valuable 
products can be extracted from it by suitable treat- 
ment. Some of the constituents are much more 
volatile than others, and so a process of distillation 
is emj)loyed to separate the crude petroleum into 
different “ fractions,"' as they are called. Some of 
the first products obtained in this way, that is the 
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most volatile ^/ortions of the oil, are naplitlia and 
X)etrol. 

"fliat j)art of the petroleum whicli distils at a 
ratliep liiglier temperature than tlie luiiditlia ami 
the j)etrol is used for illuminating j)nr))Oses, and in 
Anieriea is known as ^'kerosene/’ Lubricatimj; oil, 
vaseline, and j)araffiii wax are other products wliich 
are obtained from the jjortions of tlie petroleum 
^whieh are still less volatile tliaii kerosene. 
Naj)htha, petrol, kerosene, lubricating oil, vaseline, 
and parafiiii wax are materials which are all 
serviceable to man in dillerent wavs, so that 
scientific treatment enables us to utilise fully tlie 
various valuable i)roperties of the natural jiroduct. 

From the j)oiut of view of the present chapter, 
petroleum is chiefly interesting Ixicause it yields 
liquid fuel, utilised in motors and oil engines. The 
question how long tliis natural source of power 
will last is very difficult to answer. While it is 
j)0ssible to make an estimate of the duration of our 
coal-sufqdy, by inspecting the depth and extent 
of all the known coal - seams, tiujre is no imians 
of discovering the magnitude of the subterranean 
l^otroleuin reservoirs. They are beyond human 
insj)ection, and this x>art of our fuel capital is 
therefore a very uncertain quantity. It is quite 
possible tliat the oil-bearing strata will be exhausted 
at no very distant date, for the old wells are 
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coiitiiiually ruiinin^^ out and new w&lls have to be 
opened in orde^r to keep up the supply. 

In the districts wliere petroleum occurs large 
(puintities of inilmnmable natural gas make their- 
appearance, generally in close association with the 
jxitroleum. Tndei*,(l, natural gas is very similar in 
character to this product, for it also consists of 
liydrocarbons. Tlio difTcrence is that the hydro- 
car])ons w'hicli (Constitute natinal gas are more 
volatile than the bulk of those found in petroleum, 
so mucli so that tlu^y arc* not lujiiid under ordinary 
(jonditions. Nhitural gas, being inllammahle, can 
Ins used as a fuel, and as smdi it is a source of 
power. Ill districts where it occurs in large 
(juaiitities, Pennsylvania i'or instance, it is ex- 
temsively used to produce both lieat and light, and 
in some parts the manufacture of coal gas for these 
purposes is su])erlluoiis. 

England, while in no , semse an oil-bearing 

country like liussia or the United States, can 

* 

furnish an instance of a natural gas well. At 
Hcatlilicdd, in Sussex, there is a supply which, 
although of small dimensions compared with the 
Ikmnsylvaiiia W(dls, lias proved wondeifiilly steady. 
The gas was discovered first in 180 o, in the course 
of boring operations carried out with the object of 
obtaining water, and it has been regularly used in 
llie neiglibourliood, chiefly for lighting the railway 
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station. The* gas - supply was tapped at a deptli 
of 200-300 I'eet, and the pressure behind it must 
fuive been considerable, for ignition of the gas gave 
a flame 1 C loot higli ! 





Fk;. Iti. — Burning natural gas at lleatlitield, Susst-x. 

It is perliaps pr(3inature to trouble <ni]* iiiiiuls 
with a problem which is reallj^ one for the 
men of science of the distant futui’C, but it is at 
least interesting to enquire what could be done 
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supposing the supplies of natural luel — coal, peat, 
petroleum, natural gas — were to rim out. How 
could these sources of power he replaced ? So hir 
as we can see at present, the most proniising«course • 
would l>e to produce large quaiilities of alcohol. 
Experience has shown that this suhstauce can he 
used instead of petrol in driving an engine, and it 
can he oljtained with comparative case from the 
starch and sugar constituents of potatoes, wheat, 
beetroot, rice, and similar substances. Ily growing 
these cojmnon products of tlie soil, therefore, it 
is possible to obtain a substitute for the natural 
fuels. At the present time, however, the natural 
fuels are l)oth abundant and cheap, and tlie use of 
alcohfjl as a source of power is excluded by its 
price. 


CHAPTEp V 

SEC0NDAKY4 FUELS 

Man lias not been content to use tlie iiaKiral fuels 
just as he gets them from Mother Earth. He 
subjects them to various processes in order to convert 
them into forms more convenient for Ids different 
purposes. In the last chapter we have seen that 
crude petroleum is sejiarated into a number of 
portions before it comes on the market, and some- 
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thing of the ^anie sort is done with coal. The 
chief motives for this fiirtlier treatment of the 

■ 

natural product arc convenience and economy, and 

,it is interesting to note how these have stimulated the 
invention and manufacture of artificial forms of fuel. 

One of the oldest and most important of these 
secondary fuels is coal gas. This was originally 
used for purposes of illumination only, but at the 
present day it is extensively employed also as a 
source of heat. Coal gas is obtained by the 
“ destructive distillation ” of coal. This phrase 
sounds highly tecljiiical, but it simply means heating 
the coal strongly in a vessel or retort, closed except 
for one comparatively narrow exit, tlirougli which 
pass the products of the lieating. Destructive 
distillation may be carried out on a small scale by 
packing the bowl of a clay tobacco pipe wnth coal, 
stopping up the mouth with clay, and putting the 
bowl in a fire so that the pipe stem projects. 
Smoke immediately begins to come from the end 
of the stem, and presently tlie issuing gas, if a 
light is hrouglit to it, wdll take fire and continue 
burning with a bright flame. Any one wlio makes 
this simple experiment is producing coal gas. 

That an inflammable vapour is obtained when 
coal is strongly licated was known about the end of 
the seventeenth century, for a certain Rev. John 
Clayton, who lived in Yorkshire about that time, 
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lijis left it oil record that he distillecf Siome coal iii a 
retort in an open fire. * He tells us that “ at first 
tlioio came over only phlegm, afterwards a black 
oil, and then likewise a sjnrit arose which Ucould 
noways condense.” With tins spirit of coals,” 
coal gas as wc should call it, he filled a nuinber of 
bladders ; and he subseipieiitly amused his friends 
by pricking holes in the bladders and lighting the 
gas as it escaped. 

These experiments and others of a similar kind 
mad(i by later investigators did not, however, lead 
to any practical application of coal gas for lighting 
purposes. For more than a hundred years after 
(/laytoii’s time people continued to depend on oils 
and tallow as illuminaiits. It was left for a 
Scotsman, William Murdoch by name, to show what 
could he d(»ne with coal gas on a large scale. In 
1792 he was staying in Cornwall, and employed 
his leisure time in experimeiiting with coal gas in 
a back yard. lie succeeded in putting together 
a small apparatus fVom which lie obtained enougli 
gas to light his own liouse. Later, Mnrdocli wns 
transferred to a iirm near Birmingham, and there he 
continued his experiments. Finally, about ten years 
after he began his investigations, lie was commis- 
sioned to light a cotton mill witli coal gas, and this 
gave an opportunity of demonstrating clearly the 
great value and practical utility of his discovery. 
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In the Phil&sfiphical Traiimdions of the Iloyal 
Society for 1808 there appears a paper in wliicli 
Murdoch describes the inaiuifacture and \ise of coal 
gas, Ojtid proves its greater economy as comijared 
with oils and tallow. 

To the ]>eople of that time the wonderful thing 
about the coal gas llaine was that it recpiired no 
wick, as did the lamps and candles then in 
universial use. Many, indeed, thought there W'^as 
something uncanny al)out coal gas, and considered 
it quite dangerous to light a gas lamp. 1'hcre was 
in fact nnicli jirejudice against the new illuminant, 
but once a practical deinonstiation had been given 
of its great utility and convenience, it found favour 
rapidly. One side of Pall Jlull was ligliteil with 
gas in 1807, and in 1810 the first gas company 
was started in London. In the iiimdeenth century 
tlie gas industry increased hy leajis and l)oumls, and 
at tlie present time sornetliing like fifteen million 
tons of coal are used np in England every year for 
the purpose of gas n lift lu fact urii. In recent times 
electricit^y has become a formidable competitor, but 
the invention of tlie incandescent mantle, tlie intro- 
duction of penny-iii-tlie-slot meters, and the extended 
use of coal gas for heating jairposes have conil>ined 
to hel[/tlie older industry. 

The destructive distillation of was carried 
out by ilurducli for the sake of the gas wliieh 



7 2 CHEMICAL SCIENCE chap. 

was jprocliiced in tlie process. OthV-r products are 
obtained also, but thesfe were little considered in 
the early days. The distillate collecting in the 
tubes leading from the retorts, especially iy. the 
so - called '' condensers ” and scrubber,” consists 
(1) of tar, (2) of a watery li(juid containing 
notable quantities of ainnionia. We shall see in a 
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Fid. i7. — The inamifactnre of coal .eras. 

later cliaptcr what can be done with these by- 
products, but ill any case they do not count as 
fuels. In Murdoch’s time there was no market 
either for the tar or the aminoniacal liqvor; no 
useful purpose was then known for which they 
could be applied. 

The coke, however, left in the retorts after the 
volatile constituents of the coal had been ^driven 
off, had a distinct value and could be sold as fuel. 
At the present day part of the coke is kept at tlie 
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gas-works and is utilised in the heating of tlie 
retorts. The rest is sold, hhiefly for douiestic use. 
•Rather more than a ton and a lialf of coal is 



Fi«j. 18. Gas ruturts. 


required tu yield a ton of coke, and tlie latter 
material contains a considerably higher proportion 
of carbon than the coal. Gas coke, as tlie reader 
probailly knows, is much harder to ignite than 
ordinary coal, and when once started, it burns with 
a smokeless flame. 
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Curiously enough, the destructive •'distillation of 
coal was carried on in ^iiiglaiid liefore Miirdocli’s 
time, hut with the sole object of ])reparing coke/ 
no attention being ]>aid to the gas. Tlie coke, was 
required as a substitute for charcoal. Even by the 
middle of tlie eigliteerith century tlic scarcity of 
w^ood was beginning to be felt in England and the 
price of charcoal was tlierefore rising. Xovv up to 
about tliat time iron nianufaeturers regularly used 
charcoal in the blast furnace in order to reduce the 
metal from its ores. It must be remembered tliat 
iron ores consist largely of the oxide of the nujtal, 
and that the chemical union betw^een iron and 
oxygen Im^aks down when the oxide is heated with 
carbon. The oxygen prefers the carbon, and the 
iron is, therefore, left in the free metallic condition. 

Iron manufacturers, then, «are dependent on getting 
carbon in some form to put into the blast furnace 
along with the iron ore, and until alK>ut the mi<ldle 

t 

i>f the eighteenth century w-ood charcoal w^as used 
for the purpose. Jii view, lunvbver, of the increasing 
co.st of eliarcoal, the iron inamifadurers hQgaii to 
cast about for a substitute, and thus it w^as that the 
]>roduetion of coke from coal w^as initiated. Not 
only in the smelting of iron, ).>ut in metallnrgical 
operations generally, that is, in tlie pre]iaratioii of 
metals from their ores, large quantities of coke are 
nhpiired, and wdth the advance of the niiiet(?eiitli 



V 


SECONDARY FUELS 


75 


century the* Vleinand for this material ra])iclly 
increased. It is said that by about 1800 wood 
•charcoal for metallurgical piiiposes liad been com- 
pletely displaced by coke throughout Europe, excej)t 
ill Sweden, Ihissia, and Austria, where want of coal 
or abundance of w'ood justified the continuance of 
the older practice. 

At the present day in England ten to twenty 
million tons of coke are made from coal every yeai- 
specially for use in metallurgical ojieratioiis. The 
ovens in wdiich this coke is prepared an*, heated either 
to a higher temperature or for a longer time than are 
tlie retorts in gas-works, and the result is that oven 
coke, as it is called, is more comjiact than gas coke. 

For many teclinical purposc^s gaseous fuel is 
more convenient than solid fuel, and much ingenuity 
has l)een expended in devising methods of producing 
other combustible gases than coal gas. It is an 
interesting fact that by passing a current of steam 
over coke or luird coal heated to iiicanrh^sceuce, 
a combustible vapour* is obtained. This discovery 
w^as n^^ide long ago, but, as in so many other 
eases, it was a long time before tlie discuverv 
w\as apjdied on iho large scale to smyc industrial 
purposes. Tlie combustible vapour ]>rodu(.‘ed by 
j>assing steam through strongly lieated coke i)i 
hard <!Om 1 is known as ‘'water gas,” a name which 
lias reference to the fact that water is required 
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for its production, and must not be ‘ttudorstood as 
nieaniiig that tlie gas Consists of the vapour of 
water : this, of course, would not be combustible. 

Water gas is a mixture consisting niainlr of 
hydrogen and carbon monoxide, both of wliich 
are iunanimable. It is perhaps desirable to point 
out that carbon unites cliemically witli oxygen 
ill more than one proportion, and wliile the 
better bnown oxide of carbon, namely, carbon 
dioxide, is not combustible, carbon monoxide burns 
readily with a bluish flame. The interesting pro- 
duction of water gas from steam and coke depends 
on the fact that at a high temperature oxygen has 
more allinity for carbon than for hydrogen. Hence, 
under the conditions mentioned, the steam loses its 
oxygen ami becomes hydrogen, while the carbon of 
th(^ coke is convcu’ted into carbon monoxide. This 
means that a solid fuel is converted, partly at 
least, into a gaseous fuel, wliich, as already stated, 
presents many advantages in certain cases. 

If water gas is to be used lor lighting purposes, 
it must lie “ enriched,” for, alone, it burns lyith a 
iion-lumiiious ilame. The enrichment consists in 
vaporising some oil and thoroughly mixing it with the 
water gas. This treatment confers luminosity on the 
flame and imparts a smell to the gas. Enrichiment 
of this kind yields a product which is known as 
carbiirctted ” water gas, and is much safer than 
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the original/ Carbon monoxide is a deadly ])oison, 
and gives no warning of its presence in the 
'atmosphere of a room, for it has no smell. An 
escape of coal gas, which also contains carbon 
monoxide, and is, therefore, highly poisonous, is 
readily detected by its odour, and people are warned 
of the danger at once. •Water gas, on the other 
hand, is itself Iree from smell, and its escape may 
not be noticed until too late. In the process of 
enrichment, however, it acquires a smell, and hence, 
from the public point of view, carburetted water 
gas is a much safer fuel. 

In the United States of Amei'ica carburetted 
water gas has come into great favour, and re])reseuts 
more than two-thirds of the illuminating gas supplied 
to the public. If one w’^ere to judge from the 
increasing number of deaths due to gas j>oisoniiig 
in that country, it would seem that the use of 
carburetted water ga^s for domestic jnirposes is not 
without its dangers. These facts, and the rapidly 
increasing manufacture of carburetted water gas 
in England, led some time ago to a Government 
enquiry into the whole matter. It was found that 
ill this country it is not the practice to distribute 
pure carburetted water gas, but only to mix it 
with coal gas ; the danger* arising from leakages, 
therefore, is correspondingly less. It must be 
clearly understood that it is only when water gas 
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escapes iniconsuiued that danger arises. When it 
is burned the hydrogen is converted into water, 
and the carbon monoxide, the dangerous coiistituent, 
into carbon dioxide. ' 

Chemists liave shown that there is still another 
way in whicli a soliil fuel may 1)0 converted into 
gaseous fuel, and that ifc^ 1 >y ])assing a current of 
air throngli a column of lieated coke. At the end 
of the column where the air enters, the carbon 
combines with the oxygen to iVirm carbon dioxide, 
l)ut tliis (.‘omj)ound. as it is swept forward through 
the j'est of the lieated column, gives up half of its 
oxygen to tlie coke, and carbon monoxide is formed. 
As we liave already seen, this is a cojiibustilde gas 
and can be used as fuel. It is necessary, however, 
to remember th[it tlie carbon monoxide escaping 
from the coliiiiin of coke will be mixetl with the 
nitrogen of tlie air which was sent in at the other 
end, and which passes through niialtered. Nitrogen is 
not combustible, and lienee the gaseous fuel obtained 
l>y passing a current of air through a column of 
heated coke, “generator gas’’ or producer** gas ” as 
it is called, has a low heat value. Ihit it is very 
cheaply made, and serves as an excellent fuel for 
glass melting, brick burning, the heating of gas 
retorts and similar operations. Producer gas, either 
alone or mixed with water gas, is indeed a fuel of 
great importance in the modern industrial world. 
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Another ^secondary fuel which is of considerable 
importance is the paraflin oil obtained by destructive 
distillation of tlic shale found in certain parts 
of Scotland, notaVdy Linlithgow and IMidlothian. 
Fhis interesting mineral, described mm-e fully as 
“bituminous sliale,” ivS charged with carbonaceous 
matter, and differs from coal in having a very much 
higher proportion of “ash'* or incombustil)le residue. 
In ordinary coal the ash, or mineral nmtter, amounts 
on tiie average to 4 or 5 per ccJit ; in shale, on the 
other hand, the proportion is 70 ]>er cent or over. 
When tlie shale is subjected to destructive distilla- 
tion in retorts it yields an oil from wliich |>aratlin, 
as w(dl as oilier products, is obtained. The paralhn 
does not exist as such in the sliale, but is produced 
at a high temperature Irom the carbonaceous matter 
present in the mineral, raralfin is obtained also 
from American petroleum, but there it exists as 
sucli in the natural ])roduct. 

JVIuch mure miglit be written about secondary 
fuels, and the interesting ways in wdiieli we have 
learned to manipulate the various forms of coni- 
hustible material. Enough, however, lias been said 
to show the reader that a vast amount of labour 
and ingenuity lias been expended and is being 
expended to-day on the satisfactory utilisation of 
Nature’s fuel resources. Urged by leasons of 
economy or convenience, men have learned to convert 
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the natural product into the form best suited for 
each particular object, arid waste of power is more 
and more avoided. Indeed, it may be said that any' 
industrial operation wliicli depends oti tlie uce of * . 
fuel, but in whicli the fuel is not economically used, 
will before long be entirely superseded. 

It is worth wljile iroting also tliat the teelmical 
processes connected with the transformation of 
natural fuel liave been rendered possible only by 
the co-operation of the chemist and the engineer. 
Very often it happens tliat a chemical change wdiich 
proceeds easily and smoothly in the laboratory 
presents dilliculties when an attempt is made to 
carry it out on the big scale in a factory. The 
construction of furnaces and the handling of large 
(jnantities of material require a knowledge and 
ex[)erieiice beyond that possessed by the laboratory 
chemist, and tlie engineer has to be called in. It is 
only by their co-o])rTatioii that many of the problems 
of manufacturing chemistry have been solved. 


CHAPTER VI 

CHKMTSTRY AND THK SAFETY OF HUMAN LIFE 

The last two chapters have showui to what an 
enormous extent we arc drawing on Nature^s stores 
of fuel, and how varied are the ways in which this 
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fuel is ordor to uiake it: S(?rve tlie needs 

of our iiiodeni civilised life. All this adaptation 
of natural resources, whether of fuel or of anylliing 
else, ipeans a vast amount of labuui’ and very often 
involves risk to those more immediately concerned. 
For it may happen that sonn* most valualde and 
useful material can he produced only at the price 
of liiinian lives, or that the manufacture of some 
article demanded hy the modern world leads to ill- 
health among the workpeople. 

The I'emnrkable wideming of social and industrial 
life wbicli the last bimdrod years have witnessed 
has led to many cases of this kind, and these unfor- 
tunate I’csiilts of tlio increasing dmnand for com- 
forts and conveniences of every kind liave very 
frequently hoeu traced to su])tlc agenci(‘S of a 
chemical nalim?. Tiie chemist, tlierefujc, lias often 
to deal with problems afTectiug the conditions 
of work ill certain dangerous trades, and is called 
111)021 to suggest steps wliich shall secui-e the safi*ty 
of the workers witliout* unnecessary distuiliance of 
the trader itself. 

iVuliaps the most striking example of such 
services to tlie toiling community lias arisen in 
coiuiectioii witli conl-miriing. About the beginning 
of last century public attention was much attracted 
to the disastrous explosions that so frequently 
occurred in coal mines. Tt Ims been stated that in 
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the North of England at that time these accidents 



Fhl is*. — S ir Iluriipluy Davy (l778-liS*29). 

wore becoming more fretiuent and more destructive 
every year. Accordingly a si^eciiil committee was 
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formed Mt Sniiderlaiul to study tlio causes of tbes(3 
explosions and to search' for means of prevent- 
ing them, and this committee) ultimately secured 
the .help of the eminent chemist, Sir Humphry 
Davy. His efforts to solve the difficulty were 
rewarded with success, and it may safely be said 
that through his ingenuity the lives of many 
thousands of miners have been saved. 

In order to aj)pre(date the services which Davy 
has rendered^ to liumanity, tlie reader must under- 
stand clearly liow explosions in coal mines are 
brought about. It is well known that in the 
process of working coal underground an inflam- 
mable invisible gas is given off. Davy himself 
showed that, when large lumps of coal are Ijrokeii 
under water, luibbles of a combustible vapour 
rise to the surface. This gas is conimoidy called 
marsh gas/’ since it is produced also when 
vegetable matter decays under water ; it is the 
chief constituent of the bubbles that rise when a 
stagnant marshy poof is stirred up with a stick. 
Tlie mi]^er, however, calls it '' fire-damp.” It is not 
only the breaking of the coal that gives rise to the 
escape of fire-damp ; it frequently issues in con- 
siderable quantities from some liidden reservoir 
through fissures in tlie strata. 

Now the accumulation of this inflammable gas 
in the mine is exceedingly dangerous, for in certain 
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proportions witli air it forms an oxplos>ive mixture. 
The introducliou of a naked light into such an ex- 
plosive atmosphere has, of course, disastrous results. 
Even \vith good vciiitilatiou it is ]iot jdways possible 
to avoid the collection of fire-damp in dangerous 
})ro]K)rtions, and it is plain, therefor(>, that the 
most hopeful way of tackling tlie dilliculty is to 
deal with the method of lighting the mine. 

At tlio time 
when Davy took 
u]) the problem, 
it was the custom 
to use candles or 
oil lamps, except 
tliat in paits of a 
niiiK' where danger 
from fire-damp was 

Fir,. lOf/. — lOiiit ami stefl fo lorly a ] iprcljeilded light 

list'd lor lUuininiitiim coal mines. i t , 

was prodiujeti hy 
revolving a steel wheel in eontact witli flint. Tlie 
sparks jirodiiced in this way fnrnislied a very 
iinsatislactory illumination, hut did not explode a. 
mixture of fire-damp and air so readily as a common 
caudle flame. This method of ligliting, however, 
was not entirely free from danger, and tlie turning 
of tlie wlieel required extra labour. ' 

In the course of liis experiments Sir Humphry 
Davy made the interesting observation that it is 
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very <litVieu)t* For a llanie to pa.ss acroy.s a piece of 
wire ifauze. It 
is, ind(.‘eil, easy 
i'ov ♦any one to 
prove this. IT a 
piece of coppro*- 
wire e:auze is 
])res.se(i down r)n 
a coal -y: IS llaine, 
the latter i.s/*x- 
tinyiiishedaliove 
the yau/.e wliile 

continuing to Inirn helovv. The extinction, of tin' 
llinne is not due to want of (;oinhn.stibIe 
yas, for if a liyhted match is hronyht to 

the ujjper side of tlie yanze the uiihiirnt 

♦ 

yus ininiediaf;(^ly eaP'hes lire. I^'iirtlun*, 
if a j)iece of yauze is liehl an inch 
or t\vo^jii)ove a huriau’ ironi which coal 
yas is is.sniny\ 1 he yas above the yaiize 
can be lit without the llaine passiny 
throuyh to the lower si<h^ I'he ex- 
planation is tliat co])per-wii'e yauze is a 
first.-rate hc^fil conductor, and dissi])atcs 
the hrat of (he tiame so rapidly (hat 
on tliii furtluu’ side the tenj|>crature 
is ht‘,low the ]H»int of iynitioij. 

Thest; ol»eivations led J.)uvy t<» .suyy«*.st tliai 
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Fa;. 20.--— ^J’o illustraio Davy’s t‘X]M rinh‘Ml> 
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tile llanie of the miner’s lamp should bfc surrounded 
with wire gauze, and actiial experience showed that 
this device very much reduced the risk of exjdosions 
in coal mines. As a rule, a lamp of tins kind miay 
safely he taken into an atmosjihere which contains 
fire-damp and air in dangerous proportions. The 
explosive mixture passes through the gauze and 
burns inside the lamp, so warning the miner of 
the presence of fire-damp. The gauze, however, 
stops the passage of the Hame to the surround- 
ing atmosphere, unless there is a very strong 
draught, in which case the flame may be blown 
through the gauze and ignite the explosive mixture 
outside. 

Experience has led to some modifications of the 
Davy lamp. A short glass cylinder is now put 
roiintl the actual Hairic, and the wire gauze comes 
only higher up. The modern safety lamp is fitted 
also with an iron bonnet round about the gauze in 
order to afford protection from draughts. 

It has been said above tliat when a Davy lamp 
is taken into an atmosphere containing iirii-damp, 
the latter enters the lamp find burns there. The 
burning fire-damp presents the appearance of a so- 
called “ cap ” of pale blue flame, above the ordinary 
flame of the lamp. Tliis fact has been made the 
basis of an interesting method for detecting fire- 
damp and estimating its amount. In the most 



VI 


THE SAFETY OF HUMAX LIFE 87 


recent appantt-us for this pur- 
pose a sort of safety larajf is 
employed, in which hydro- 
gen * 01 ’ naplitha is Imrned. 
The “ cap ” which appears 
when this lamp is taken into 
an atmosphere containing tire- 
damp is more easily seen than 
in tlie ordinary form of safety 
lamp, for th^ hydrogen llame 
is less luminous than that of 
burning oil. TIic interesting 
point is that the length of 




2 p(3r cent ni.ir.slj 1 t'liut mur.sli -as. 

Fio. 2*2. -' Flame cji]»s. 

{By ufth^ Wolf .Safely Lamj^ Co.) 
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UlO cap iiirreasos witli tlio niljAniiit: oj‘ fire- 
diiinp, Miul .sucb a lainf) servos, iherofuie, to iinli- 
ofilc tlie porcoiitage of this <]aii^:(erous i^as in any 
atniosplioro. 

I'lie extended intnnlactiou <jf .saft‘t y lamps, coupled 
with improved venlilaLion and regulalioiis regarding 
the use of explosives, has very much diminislied 
the mortality from explosions in coal niinos. The 
annual deatli-rate 1‘rom this cause in tlie United 
Kingdom lias during the last fifty years ialleii 
from aliout 128 per hundred thousand jiersons 
em]>loyed to about 1 0. \ (*t evorv now and thmi 

some disastrous colliery explosion occurs to rerniiid 
us that we are not yet mastexs of the situation, 
that science lias still much to do on liehalf of the 
toilers undergroumh The truth is that something 
else besides fire-<lamp may he concerned in bringing 
about sueli mishaps ; ami that is coal dust. 

Idle atmos]*lu‘re of a eolliery, especially a 
dry one, is full (»f iinely dividiul ]>articles of eoah 
raised by the constant tradie ’along (lie undergroiiiid 
roadways. Until comparatively reeeiil tinves, liow- 
over, most refused to ludieve that coal 

dust was a sourec of danger in collieries, although 
it had been proved cxjierimeiitally tliat sueii dust, 
along with a small projiori.ion of fire-danip, was 
<langerously intlaniinahle. Ihit even tlie sceptics 
were aroused by the terrible disaster at (.'oiirrieies 




t'hotn—W. J\. 

> 

Fkj. - a coal-tiu'i t-Aplosion at an oxporiimrntal ;;alU-.ry, AltoCL;, 




Xot'^Diiiy ill )»ul in iliis country, 

i*x}n*riiii(*nlal L::illcrics for ilio production and 
study of i*\]>|osions have lioon ovoi‘I;<m 1, and wo 
may lliat liefoit^ lono* the influrne** oi‘ coal 

dust in eausinu an<l propaoatin;:*: ex]»losions will lie 
thoivaigldy unde? stood. .Alr(*ady it lias I'ceu ch^irly 
proved that, evcui in the ahsenee rd' lire-dain)>, a. 
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mixture of coal dust and air can 1)C exploded by 
the firing of a dynamite? cartridge. 

In this connection it is interesting to recall the 
curious explosions which have sometimes occurred in 
flour mills, and have been traced to the explosive 
character of a mixture of flour dust and air. Some 
forty years ago there was a disastrous explosion in a 
Glasgow flour mill, as a result of which tlie building 
was wrecked and several j^crsoiis were killed. Jt 
turned out on subsequent investigation that the 
“ feed ” of wlieat to the grinding stones had 
stopped for a little, and that a spark produced by 
the friction of the stories on one another had ignited 
the mixture of fine flour dust and air which was in 
the vi(3inity. 

Another problem whicli science has had to solve 
in connection with colliery explosions is the foul 
atmosphere prevailing in the mine after such dis- 
asters. The gas remaining in a mine at the place 
where an explosion has occurred is known as “ after- 
damp/’ and is extremely poisbnous owing to tlie fact 
that it contains carbon monoxide. If the fere-damp 
or coal dust involved in an explosion underwent 
complete combustion, the only oxide of carbon that 
would be found in the air of the mine subsequently 
would be carbon dioxide, which is not an Actively 
poisonous gas. It generally happens, however, that 
the combustion of the fire-damp or coal dust is 
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incomplete, with the result tliat tlie carbon is less 
highly oxidised and carbon monoxide is formed. 

This gas has no smell, or colour, or any irritating 
,propcr}iies by which it may be recognised, but it 
is nevertheless a deadly poison. Air containing 
only two or three parts of carbon monoxide per 
thousand would lead to the death of any person 
■who breathed it for a time. Now the after-damp 
of a colliery explosion contains twenty to fifty i>arts 
of carbon monoxide per thousand, and it is evident 
that the miners involved in such an explosion have 
little chance of escape, even although they may not 
be injured by the ex 2 )losion itself. Tt is estimated 
that the majority of the victims in these disasters 
are not burned, but poisoned. 

In view of these facts, it is obviously very 
dangerous for any one to enter a collicjy after an 
exjjlosion has taken jjlace, and the work of searching 
for 2 )ossible survivors and of bringing out the bodies of 
the dead is full of risk. Tins difhculty, however, has 
been successfully overcfbrne by science. Apparatus 
has beeiJiv devised wliicli j)rovidos oacli member of a. 
search or rescue party with his own atniosjdiero, and 
cuts him off from the poisonous air round about 
him. Such apparatus naturally is based on a 
knowledge of the chemistry of breathing. 

This matter has been dealt with in tlie first 
chapter, but it may be ^vell to remind the reader that 
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ill ro.spi rati Dll a su])])ly of oxyg^m is necessary, 
and tliat the carbon* dioxide produced iiiiist not 
1)0 allowed to accainiulate. Tliese jioints are duly* 
atteiided to in tlie construction of rescvui apparatus 
for use in inines. The nioutli and nostrils are 
c«ainect(al l)y ni(;ans of tubes witli cylinders of 
compressed oxyeim ^i^as, carried on the back, and 
with an air bai;- strajiped in front of llu) licarer. 

11iis bai," ermtains a ipiantily of caustit* soda, a 
siibstaiu^c wbich absorbs carbon dioxide with gn^at 
rrsid incss. The aii‘ ex})ired by the wcariT of the 
a]»])aratus passes into tli(‘ l)ag and is tliorc depriv(*tl 
ol tlie carbon dioxide which it contains, whih; the 
oxygen consumed iii the jirocoss of l)reaUnng is 
i-ephiced hy a rr(\sli sup]ily from the (*}'lindcrs. 
'I’liis portables res])iratiiig ap]>aratus is entirely 
self-coiitaiiied ; the ]»ersoii provided with it is iii^ 
dependent of tljo suiTOunding atmosphere, ami may 
venture, safidy into })laees charged with foul and 
d(*ailly vajunirs. 

Thf? efforts, then, of chdmists and other men nf 
science havt^ mucli diminislied the danger;^; from tire 
and poison tha t lurk in the coal-pit, I ait the risks 
are si ill there. It is well for tliuse wlm sit cosily 
at their own firesidi-, or travel swil'tly through the 
country in an exi>ress train, to remember tliat tliese 
comforts ami coiivmiiences are procured at llie risk 
of liumaii livi-s. ladlection will show, indeed, that 
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the production' of many .things which we take ns a 
matter of course in these modern dny.s may involve 
’ injury to the w^orkman who produce-s tliem. 



Fig. 24. — K(\scue apparatus for uiiiR-.s. 


]f(»w lo.st we sliould leel ourselves if all at once 
we were without lucifer matchcvS ! Yet it is not so 
very long ago since this wonderfully convenient 
way of making lire was discovered. Only a little 
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more than eiglity years ago the first 'really eflicieiit 
matches were produced! iu England. They were 
made of wooden splints or bits of cardboard covered 
witli sulphur and tipped with a mixture whicji took, 
fire when it was drawn between two folds of sand- 
paper. These matches were sold at the rate of 
one shilling per box of eighty-four 1 The modern 
manufacture of matches, however, dates from the 
time when phosphorus was first used in the tipping^ 
mixture. From one point of view this was a great 
advance, from another it was the introduction of 
a sinister facitor into the match industry. 

The element phosphorus has been known lor 
two liundred and fifty years. It is a whitish or 
yellowisli waxy solid, and has such affinity for 
oxygen that it must be kept out of contact with 
air ; under "water, for example. It melts in warm 
water, it is volatile even at the ordinary tempera- 
ture, and if exposed to air gives off* vapour. 
Phosphorus catclies fire with great readiness, and 
is very poisonous. The dase with winch it is 
ignited explains its usefulness in tlip match 
industry, for mere friction suffices to set it on 
fire ; and hence a match tipped with a mixture 
containing 5 to 10 per cent of phosphorus will 
strike anywhere. This is obviously a grdat con- 
venience, although at the same time it means a 
certain risk of fire. 
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Experience of these “ strike-auy where ” matches 
soon showed, however, that there w^ere other and 
more subtle dangers involved in their manu- 
facture and use. The highly poisonous nature of 
yellow phosphorus, alluded to above, betrayed itself 
in the form of disease among the match factory, 
workers. Those persons more especially who 
were concerned in tipping the matches with the 
phosphorus composition were liable to a serious 
malady known as “ phossy jaw,’' one of the marks 
of which is inflammation and decay of the jaw-bone. 
Tlie \vorkers also who i>ut the matches in boxes 
were exposed to the risk of the same disease. It 
is true that good ventilation and insistence on 
cleanliness on the part of the workers did much to 
lessen the dangers of the match industry, but even 
during the last twenty years of the nineteenth 
century there ^vere in this country nineteen fatal 
cases of phosphorus poisoning, besides a much larger 
number of cases where the disease occurred but was 
more or less successfully treated. 

The ^manufacture of matches containing yellow 
phosphorus was obviously, in view of the facts just 
mentioned, a case in which public convenience was 
in conflict with the interests of the workpeople, 
and the difliculty was long realised as serious. The 
real attempts that have been made to solve the 
problem date back to the year 1845, 'when another 
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variety of xjliosphorus was discovered. • This element 
has, as it were, a double identity, and exists not 
only in the yellow, poisonous, easily inHainmable 
and vaporisahle form already described, hut also as 
a red, iion-poisonous, non- volatile substance, which 
cannot be ignited by friction on any loiigh surface. 
In order to set fire to red phosphorus it must be 
rubbed on a jdace where there are sul)staiices rich 
in oxygen, sucli as chlorate of potash or red lead. 

Tliis red phosphorus can be produced easily from 
the yellow variety under certain conditions, and the 
proposal was therefore made that in the manufacture 
of matches the red non-poisonous form should take 
tlie place of the other. This led to the production 
of “ safety ” inatclics, which are devoid of yellow 
phos[)horus and accordingly will not strike except 
on a specially prepared surface. In lealitv the 
red phosphorus is not in the liead of the safety 
match itself but in the hrowui layer pasted on the 
side of the box. 

I he lad, however, that safety matches cannot be 
struck on any random surface, coinhined v'ith the 
conservative habits of the British people, was 
against their general use in tliis country, although 
this would have led to the better health of the 
workers in the match industry. It has been* stated 
that about 1900 only three or four tous of red 
pliospliorus were used annually in the preparation 
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of safety marches in Britain, wliile as much as 
sixty tons of the yellow variety was turned into 
the ordinary strike-anywhere matches. 

Another step in the solution of the problem has 
been made recently by the discovery of a suitable 
tipping composition which contains no free phos- 
phorus, but a compound of phosphorus and sulpluir. 
This sulphide of phosphorus is noii-poisonous, and 
matches tipped with a paste containing it will 
strike anywhere. It is now possible, therefore, to 
get rid of the one disadvantage of safety matches 
and at the same time to avoid the risks involved in the 
use of yellow phosphorus. Largely on the strength 
of this discovery there has arisen in Europe, during 
the last ten years, a powerful movement in favour of 
prohibiting altogether the use of yellow phosphorus 
in the manufacture of matches. In Britain tlic 
movement lias resulted in an Act of Parliament 
which prohibits both the making and the importa- 
tion of matches containing yellow jjliospliorus. 
We may hope, therefore, that “ phossy jaw will soon 
be a disease of merely historical interest. 

Another element that has an evil reputation in 
connection with the health of the community is 
lead. This material, either by itself or in the 
form of its compounds, is utilised in many ditlerent 
^ays in modern life, but in certain circumstances it 
may give rise to serious ill-health. If even minute 

H 
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quantities of lead in the form of its* more soluble 
compounds are taken into the system, cumulative 
poisoning follows, showing itself in severe stomach 
pains, loss of appetite, nervous prostration* and 
even paralysis. 

Lead poisoning is occasionally brought about 
iliroiigli the agency of drinking water. .Everybody 
knows that lead pipes are extensively used for the 
conveyance of water, and it has l)een found that 
certain waters, especially those of moorland origin, 
liave the power of dissolving lead. It is well, 
therefore, to avoid the employment of great lengths 
of lead piping for carrying water, and lead cisterns 
are not to l)e recommended. 

One of the commercially most important and 
valuable derivatives of lead is the carbonate, known 
commonly as white lead. This substance is a very 
fine white powder and is in great demand in both 
paint and pottery manufacture. The making of 
white lead is frauglit with considerable danger to 
the workers, for in some of the processes tlujre is 
abundant opportunity for dust or fumes containing 
lead to gain access to the system. These risks 
have long been known, and tliere is no doubt that 
careful attention to the ventilation of the factories 
and to the personal condition of the workers has 
done great good. * 

The question has also been raised whether there 
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is any other shbstauce which w'ould be as good as 
wdiite lead from the painter’s point of view, and 
yet would be less objectionable on health grounds. 
Oxide, of zinc {i.e. a compound of the metal zinc with 
oxygen) has been recommended, and althougli some 
architects and builders hold that this material is 
inferior to white lead, there is no doubt that it 
is at least a very efficient substitute. It is note- 
worthy that a law has recently been enacted in 
Franqe according to which it will, after a certain 
number of j^ears, be illegal to use white lead for 
any painting whatsoever. This shows how public 
interest has been enlisted on behalf of the workers 
in the white lead industry, and it is probable that 
other European countries will follow the example of 
France at no distant date. 

Much discussion has taken place in England of 
late years in regard to the use of lead compounds 
in the pottery trade. The glaze on cliina and 
earthenware is obtained by dipping the articles in a 
creamy liquid containing lead carbonate, and then 
drying and firing. In the course of the firing the 
glaze is fused by the heat and forms the glassy 
surface we arc accustomed to see on cliina and 
earthenware goods. The operations, however, 
connected with the production of this glaze have 
resulted in the constant occurrence of lead poisoning 
in the potteries. 
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It is another instance of a conflict between the 
demands of modern lif6 and the interests of the 
workers. Alterations, it is true, have been made 
in the method of preparing tlie glazes, and, these 
liave led to a marked reduction in the number of 
cases of poisoning. Efforts to find a substitute 
for lead have not been entirely successful, although 
encouraging progress has been made in this direc- 
tion. Pottery made with leadless glaze is on ^ 
the market, hut this glaze is not suitj^ible for every 
kind of article. We may be confident, however, 
that ill the course of time science will succeed in 
reconciling the health interests of the workers with 
the demand for the best glaze that can be produced. 

Tt will be apparent from what has been said in 
the foregoing pages that in drawing upon natural 
resources, and in making from tliese the various 
products required in modern civilised life, we 
frequently encounter difficulties of a very subtle 
kind. Each industry has its own peculiar risks, 
and it is part of the work of* the man of science, not 
only to discover new products and invent new 
processes which shall be a boon to the community 
as a whole, but also to suggest means of safeguarding 
the industrial workers who serve the community. 
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CHAPTEE VII 

5aw materials, refuse, and by-products 

Nature supplies a large number of things ready- 
made for the use of man. Coal, salt, oil, and 
sugar are examples of products which have only to 
be mined, or otherwise extracted from their natural 
surroundings,»in order that they shall be available for 
human purposes. In a very great number of cases, 
however, the substances required lor the manifold 
objects of industrial and social life are not so easily 
obtained ; they may not occur in nature at all or 
only in very small quantity, so that they have to be 
made from certain raw materials found here and 
there over the surface of the globe. The smelting 
of iron and other metals, the burning of limestone, 
the manufacture of ^oap, soda, coal gas, and dye- 
stuffs, are examples of chemical industries in which 
raw materials are converted by various artificial 
processus into useful products. 

It is not easy to picture modern life in any 
civilised country without iron. The quantity of 
the metal required for bridges and ships, on railways, 
and in* the manufacture of all sorts of machinery, is 
enormous, and in Great Britain alone countless 
blast furnaces are worked night and day for the 
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supply of this demand. Iron is not tabe had for the 
picking up, as gold is iit certain parts of the world ; 
some meteorites,. it is true, are largely composed of 
metallic iron, but it will be evident even tjo the 
uninitiated that this source of the metal cannot have 
any commercial importance. 

There are, however, in the earth’s crust very 
large quantities of iron in a state of cliemical com- 
bination with oxygen or sulphur, and these com- 
pounds, mixed naturally with earthy matter and 
other minerals, constitute the " ores ” of iron. The 
sulphur ores cannot be used directly for the pro- 
duction of iron, but the principle of the method 
by which the metal is ol)tained from its oxide in 
the blast furnace is very simple. The ore containing 
the compound of iron and oxygen is mixed with 
coke : in the furnace this coke is partially burned 
by a blast of hot air, and the carbon monoxide thus 
produced deprives the iron of its oxygen, so that 
the metal is left in the free state and can bo run 
out in the molten condition. * 

Keference has been made already to tlnv- burning 
of limestone as a chemical industry. As every- 
body knows, limestone is found in enormous 
deposits in the earth’s crust, and it must be boine 
in mind that chalk and marble are varieties* of the 
same substance. Its chemical name is c{irbonate of 
lime, or calcium carbonate, and the application of 
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strong heat causes it to break up into calcium oxide, 
or quicklime, and carbon dioxide, which escapes as 



— tintl Vvdvrwood. 


Fifi. 25. — lied-liot iron flowing from a Ifljist funBUie, rittsbuvg, Feim. 

a gas. The “ burning ” of limestone is not to be 
taken literally, for the process consists only in the 
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strong heating of tlie raw material in kilns ; the 
lime itself does not burp,. T!ie product of this in- 
dustry, quicklime, and slaked lime obtained from 
it, are in great demand. This is connected ^with 
the fact that alkalis, which are the opposite of acids 



Fig. 26. — Lime kiln (front view). 


and neutralise them to form salts, are required for 
many technical processes. Lime is the cheapest 
alkaline substance, and, besides being used in mortar 
and cement, is employed, for instance, in the Inanu- 
fticture of glass, and in the treatment of fats for 
the production of candles. 


VII 


EEFUSE AND BY-PEODUCTS 105 


So with l?he other chemical industries quoted 
above : in each case certain naturallr occurring 
substances, the raw materials, are treated in sucli a 
way as to give rise to various useful products. At 
the same lime, however, other tilings are produced 



Fi(i. 27. — Lillie kiln (section). 


besides the products which are the main object of 
the particular chemical industry in question, and 
the accunuilatioii of these waste products is a 
frequent source of trouble and expense to the 
manufabturer. 

^Vs an example of this, the smelting of iron 
may be taken. It lias already been stated that in 
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principle the conversion of iron oxide into iron 
with the help of coke in a blast furnace is a 
fairly simple matter. Iron ore, however, contains 
not only the oxide of the metal but lot 
of earthy material as well. In order to get rid of 
the latter, limestone is fed into tlie furnace along 
with ore and coke ; the lime produced from this at 
a high temperature unites with the earthy material 
of the ore and forms a fluid material known as 
“ slag.” Since it is lighter than iron, the slag floats 
on the surface of the molten metal and is run out 
of the furnace at an 0})cning provided for tlie 
purpose. It becomes solid when it cools and then 
looks like something between glass and cinders. This 
unpromising material is the waste product of the 
iron -smelting industry, and if the modern world 
will have iron, it must take the slag also. 

In the chief iron-making countries of the world 
about fifty million tons of blast-furnace slag are 
produced annually, and it is plain that the mere 
removal of such enormous- quantities of rubbish 
must be a costly business. If the foumjry is on 
the sea-coast the slag is generally loaded on barges, 
taken out to sea and tipped overboard. Whore this 
method of disposing of the slag is not avail- 
able, as in the Pdack Country, it is allowed to 
accumulate in vast, unsightly mounds. Blast 
furnace slag has got the name of “ smelter’s refuse,” 
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and these sl2lg mounds are simply some of the 
rubbish heaps of our modem industrial civilisation. 

The name “ refuse ” is, however, not cpiite so 
accurate a description of slag nowadays, for various 
ways have been devised whereby some, at least, 



Fn:. 2S . — A block ol" sla*' iuid an equally Ije/tvy lieaj) of sla^^ wool, 

of this waste pioduct is turned to useful account. 
Large tpiantities are used in reclaiming land, in 
building breakwaters, and for packing between rail- 
way sleepers ; much, too, is employed in the iilter- 
beds which are required in the modern ])urifi cation 
of sewage, while tlie making of cement and of slag 
wool are other directions in which this waste pro- 
duct of the blast furnace is utilised. 
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Slag wool is totally different in appearance from 
the original slag, and the method by which it is 
obtained is quite ingenious. A jet of steam is 
blown against tlie molten slag, with the result that 
small globules are produced, each with a long thread 
or tail adhering to it. These threads are so fine 
that in the mass tlicy are like so much cotton wool, 
from which, however, the slag wool differs in one 
important respect. It is non-inflammable. Further, 
it is a bad conductor of heat, and so finds useful 
application in covering steam pij)es and boilers. It 
is employed, too, between floors, for the purpose of 
deadening sound. 

yVnotlier kind of slag, turned out from steel 
w'orks, has useful properties as a manure. When 
pig-iron, contaminated with a small quantity of 
phosphorus, is used for the production of steel, the 
imi)urity is got rid of by a blast of air, which 
oxidises the phosphorus and converts it into phos- 
phate. It appears in the slag as phosphate of lime, 
and it is the presence of this substance which makes 
basic slag,” as it is called, a valuable mattrial for 
agricultural purposes. 

There are other ^vaste products of the blast 
furnace, not so obvious, it is true, as the slag, but 
none the less important from the point of ^iew of 
economy. Thus the lieat carried away with the 
slag is a distinct loss, for it must be remembered 
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that heat, although it cannot be weighed, costs 
money just as much as things which are more 
tangible. The waste in this direction is verv con- 
siclerOjble, for the slag is red hot when it is run out, 
and a single blast furnace may give from 500 to 
1000 tons of slag in a week. It is possible, 
however, to utilise in various ways the heat of the 
molten slag. One plan, for instance, adopted in a 
foundry which was run in connection with a salt 
works, was to^ put the hot slag underneath the pans 
in which brine was being evaporated. This meant 
obviously that so much less fuel was required for 
the heating of the pans, and a saving was 
effected. 

Then again, the gases produced in the blast- 
furnace by the chemical interaction of the air, the 
coke, and the iron ore are inflammable, owing 
mainly to the carbon monoxide which is present. 
At one time these gases were simply allowed 
to burn at the top of the furnace, but in up-to- 
date iron works they are led away in j)ipes and 
burned Avhere they can do some good. Very often 
they are used to heat the air which is to be blown 
into the furnace, and this means tliat less fuel is 
necessary in the furnace itself. In other cases the 
gases aVe purified from dust and tarry matter and 
are then employed in gas engines. 

It is clear, therefore, that in modern iron works 
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something which was previously allowed to escape 
is actually a source of power, and is made to con- 
tribute to the cost of the smelting process. Thfe 
history of industry is, indeed, showing more and, more 
clearly every year that any manufacturing concern 
which neglects such economies, and does not utilise 
all waste products to the utmost possible extent, is 
bound to go to the wall. In reality the success of 
a chemical industry depends to a large extent on 
the “by-products,” that is on the substances, other 
than the main product, whicli crop up in the course 
of manufacture. 

Perhaps the most striking and romantic example 
of the part played by the by-product in chemical 
manufacture is furnished by the history of the 
alkali trade in this country. Up to the end of the 
eighteenth century, potash (potassium carbonate), 
obtained from the ashes of burnt wood, was the 
more important and cheaper alkali, although soda 
(sodium carbonate) was known to occur in certain 
natural deposits in Egypt and was imported into 
Europe. The manufacture of potasli tendGd, how- 
ever, to become more and more costly as the forests 
disappeared, and the great demand for alkali led 
people to cast about for a cheap way of making 
soda instead of potash. That alkali was r4*quired 
in great and increasing quantities is intelligible, for 
the manufacture of both glass and soap, to mention 
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two examples' involves the use of this material in 
oiie form or another. 

. ‘ it was well known that sodium, the metal 

which* enters into the composition of tlie compound 
sodium carbonate or soda, occurs most commonly 
in nature in combination with chlorine as sodium 
chloride (common salt). This substance is found 
in enormous quantities in sea-water and salt lak(‘s, 
in brine springs and as rock-salt, and it was 
apparent that if a straiglitforward process for 
converting salt into soda could be devised, the 
product would be much cheaper than any alkali 
available at the time. With this in view, the 
French Academy of Sciences offered in 1775 a 
prize of £12,000 for a solution of tlie problem. 

This stimulus led to a number of j^rocesses being 
suggested foi* the jirodiiction of soda from common 
salt, but tlie only satisfactory one was that proi^osed 
by Leblanc. His name will always be remembered 
in connection with the foundation of the great soda 
industry, but he himself had little profit from the 
discovery. Ho never received the promised prize ; 
the patent which he had been awarded in 1791 
was taken from him in the stormy times that 
followed, he and his family were reduced to jioverty, 
and ultimately, in disgust and despair, he took his 
own life. 

In order that the fortunes of tlie Leblanc process 
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for manufacturing soda may be properly appreciated, 
it is necessary to know a little about the process 
itself. As already stated, the raw material of this 
manufacture is common salt, and in the first- stage 
of the process this substance is heated with sulphuric 
acid — “oil of vitriol,” as it is sometimes called. 
The result of this treatment is a chemical change 
by which two new substances arc produced, namely, 
sulphate of soda or “ salt cake,” and hydrochloric 
acid. Eor the direct purpose of making carbonate 
of soda only the former of these is necessary, so in 
the early days of the industry the hydrochloric acid 
was a waste product. In one sense there was no 
difficulty in getting rid of it, for hydrochloric acid 
conies off as a gas when salt is heated with 
sulphuric acid; all that was required, therefore, 
was to provide tlie salt - cake furnace with a 
chimney up which the hydrochloric acid went of 
its own accord. 

The results were startling. The acid fumes 
which belched forth from the chimneys of the alkali 
works brought devastation on the surrounding 
country. Not only was the neighbourhood of 
the works pervaded by a most objectionalde odour, 
but everything made of iron was corroded and vege- 
tation disapjieared. Complaints were frequent, and 
alkali works were extremely unpopular institutions. 

Tlie manufacturers thought to remedy the 
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nuisance by building cliiinneys of enormous height, 
but hydrochloric acid is a i^apour heavier than air, 
and the only result of these eflbrts was that tlie 
noxious gas descended on still wider areas. What 
was to be done ? Soda was an industrial necessity, 
and yet the waste product of the first stage of 
the manufacturing process was an insuflcrable 
nuisance to the community. An interesting side- 
light is thrown on the position of matters during 
the early years of the Leblanc soda industry in this 
country by a patent, taken out in 1830, for the 
construction of Jloathig salt-cake furnaces, which 
w^ere to be towed out to sea when in operation, 
and there allowed to do their worst. TIic patent 
states that the object was “ to remove entirely all 
deleterious vapour from the surface of vegetation.*’ 
It is quaintly added, the situation and distance 
from land at which the vessel must be moored 
when working will entirely depend upon the 
cliaracter of the coast, and upon the varying 
circumstances of the wind.” 

One device which promised to give relief, 
and was widely adopted, was to condense the 
fumes. TTydrochloric acid gas is very readily 
absorbed by water, and by passing tlie vapours from 
the salt-cake furnaces through towers packed with 
coke over which water was kept running, it was 
easy to condense practically the whole of the acid. 
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Tl\e adoption of this plan naturally tneant a great 
improvement in the character of the atmosphere 
round the alkali works ; hut fresh difficulties arose, 
for the manufacturers were now left with enoi’inous 
quantities of the acid solution on their hands. 

There was very little market demand for tliis, 
and the only thing to do was to tip this fuming, 
corrosive liquid into the nearest stream. The 
result of this W’as to kill the fish, and those 
immediately interested in the streams naturally 
objected to such pollution of their waters. Disputes 
occurred constantly, and for many long years the 
alkali works continued to be a source of annoyance 
to the neighbourhood. 

Yet, within a very short space of time, all this 
was changed, and the hydrochloric acid, which 
had been such a nuisance to everybody concerned, 
manufacturers and community alike, was all dis- 
posed of for useful purposes. What had been a 
cause of trouble became a source of profit, the waste 
product became a valuable by-product. 

The history of this transformation shows very 
clearly how close is the connection and interdeiiend- 
euce of various branches of industrial activity. One of 
the main causes which brought about the utilisation 
of the waste hydrochloric acid from alkalk vrorks 
was the increased demand for paper in the years 
following 1861 , when the duty on paper was re-. 
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pealed. Cotfoii and linen rags had np to tliat time 
served for the manufacture* of paper, but in conse- 
quence of the increased demand, straw, wood, and 
esparto grass were now employed as raw materials. 
In the course of their conversion into paper these 
materials had to be bleached, and this was best 
done by the use of clilorinc, whicli is directly 
obtainable from hydrochloric acid. The increased 
demand for paper goods was, therefore, a stimulus 
to the alkali manufacturers to avoid, so far as 
possible, the loss of any hydrochloric acid — the 
very substance wliicli, at a somewhat earlier date, 
they would have given anything to be rid of. 

The second stage in the manufacture of soda by 
Leblanc’s process also brouglit trouble to the manu- 
facturers in the shape of waste products. The salt 
cake, or sulphate of soda, obtained in the first part 
of the process, is mixed with limestone and coal 
dust and the mixture is heated in a furnace. Tlie 
resulting product is known as “black ash,” and 
consists chiefly of carbonate of soda and sulphide of 
lime. The former is the object of the whole manu- 
facturing process, and may be dissolved out from 
the black ash by water. The insoluble portion, 
consisting chiefly of sulphide of lime, was for a 
long tilne simply a waste product, and as such was 
dumped down outside the alkali works. The 
manufacturers would have been glad to recover the 




Ii’k;, * 29. Heaps of alkali waste. 

one takes into account the (quantity of so(Ki which 
is manufactured in England, One such heap, cover- 
ing an area of 450 acres, was in 1888 receiving an 
addition of 1000 tons of alkali waste daily. These 
rubbish heaps were not only most unsightly, but 
under tlie influence of air and moisture they gave 
rise to a most objectionable odour, so that in a 
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second directibn the alkali trade has been something 
of a public nuisance. • 

Science, however, has triumphed in the end and 
achieved a result which lias benefited both the 
community and the manufacturer. Chemists have 
discovered a way of extracting the sulphur from 
alkali waste, and the heaps of this undesirable 
refuse are no longer increasing. With the removal 
of the sulphur from alkali waste, the objectionable 
qualities of J;he latter disappear, and it is gratify- 
ing to know that although we cannot dispose of the 
rubbish of the past, we are not accumulating fresh 
trouble for those who come after. 

The recovery of the sulphur from alkali waste 
has been a great boon to the manufacturers of soda 
by the Leblanc process ; for other ways of making 
soda have been discovered, and if the older method 
was to survive the stress of competition, it was 
absolutely necessary to avoid anything going to 
waste. Tlie remarkable thing is that the chief 
object of the Leblanc process nowadays is no longer 
the miMiufiicture of carbonate of soda. It is tlie 
once despised hydrochloric acid which is now the 
mainstay of the manufacture, and if it were not for 
this and otlier l)y-products the process would be by 
this tilne only a matter of history. 
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CHAPTEli VIII 

MORE ABOUT BY-PRODUCTS 

There are other cases besides the soda industry in 
which the by-product4ias played an important part. 
There is, for instance, the industry of gas manu- 
facture. Eefercnce has been made already to coal 
gas as a secondary fuel, and to the circumstances 
ill which it was first made. The reader may be 
reminded that coal gas is produced when coal is 
heated in retorts to a high temperature and so 
forced to give up a large quantity of volatile matter. 
Part of the material distilled from the coal con- 
denses when it is cooled, and yields coal tar and 
a watery liquid containing ammonia. These, along 
with tlie coal gas, and the coke left behind in the 
retorts after all the volatile matter has been driven 
off, constitute the main products at the disposal of 
the gas manufacturer, Tlie gas and the coke are 
sold as fuel, but what does he do with the \'oal tar 
and the ammoniacal liquor ? Are they simply refuse, 
or can they be turned to any useful purpose ? 

In the early days of ga.s manufacture the tar was 
regarded as an unmitigated nuisance. There was 
no market for it, and any one who knows the 
unlovely properties of tar will understand that 
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it could not/ be thrown away without offending 
the eyes and nose of the community. A good 
deal of the coal tar was burned under the retorts in 
whic^^ the coal was heated for the production of 
gas. There w^ere considerable difficulties, however, 
in the proper use of coal tar as a fuel, and for a 
generation after the manufacture of coal gas began 
the tar was looked on as a nuisance more than any- 
thing else. 

Coal tar is a mixture of various substances 
which are best separated from one another by dis- 
tillation, the same process as is employed in isolat- 
ing the constituents of natural petroleum. The 
distillation of tar was practised only to a small 
extent in the early days of gas manufacture, and two 
men who carried on this process at that time have 
stated that the Gas Comiiany supplied the tar with- 
out charge, on condition only that they paid the cost 
of removal. This fact alone shows how little value 
was then placed on coal tar. The distillation of 
this unsavoury material was carried on in order 
chiefly 4;o separate its most volatile portion, which 
was Icnown as naphtha.” Apart from its use as 
an illuminating agent, naphtha was used for dis- 
solving indiarubber in the manufacture of water- 
proof Material. This was first done by Mr. Mack- 
intosh of Glasgow, whose name is now inseparably 
associated with the articles he produced. 
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To some extent also coal tar was employed in the 
manufacture of roofing'fielt, and as a sort of paint for 
sliips and wooden structuresof various kinds. For this 
latter purpose, indeed, tar had been specially prepared 
before the days of gas manufacture. A more extensive 
opening for the utilisation of coal tar was made 
about 1840, when the process of pickling ” timber 
was introduced. Wood which was to be exposed to 
the action of moisture, esi)ecially below the surface 
of the ground, was impregnated with the lieavy oil 
distilled from coal tar. Railway sleepers, for 
instance, were treated in this way. This was a valu- 
able outlet for part of the coal tar, and gave a con- 
siderable stimulus to tar distilling on a large scale. 

All these applications, liowever, absorbed only 
a part of the coal tar produced at the gas-works. 
It must be remembered tliat during the first half 
of the nineteenth century gas manufacture was 
rapidly extending, and the amount of the by- 
ju'oduct, coal tar, naturally increased in tlie same 
proportion. The position of matters, however, 
underwent a remarkable change after the year 
1856, which marks an epoch in the application of 
science to industry. It was in that year that Sir 
William rerkin, then a lad of eighteen, discovered 
that a beautiful dye, afterwards known as ‘iiiauve, 
could be produced very easily in the laboratory 
from aniline. This was a fact of enormous import- 
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ance, for Perkin’s discovery led to the artificial pro- 
duction of a great many of these beautiful colouring 
matters commonly known as aniline dyes. 

The significance of the discovery of mauve and 
other similar dyes in regard to the utilisation of 
coal tar lay in this, that coal tar is the source from 
which aniline is obtained. The quantity of this 
substance Avhich exists as such in coal tar is very 
small, and it is not easily extracted in a pure con- 
dition. AVhat is more imi)ortant is that coal tar 
contains about one per cent of the hydrocarbon (jailed 
benzene, which is easily separated, and from whicdi 
aniline can be readily j^roduced. J'or some time 
behm^. IV.rkin made bis wonderful discovery it was 
known that there was benzene in coal tar but this 
fact was of no commercial importance until it was 
realised that benzene could easily be converted into 
aniline, and that this substance in its turn was the 
starting-point in the manufacture of valuable dyes. 
All this conlerred a new value on coal tar, and 
opened a new era in the history of the tar-distilling 
industrjw 

In the course of time other hydrocarbons which 
are present in coal tar, notably naphthalene and 
anthracene, were shown to be capable of yielding 
beautiful dyes, so that the refuse of the gas-works 
has been more and more turned to useful purposes. 
Since 1856 the artificial dye industry has become 
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a big affair, especially in Germany, •and tlie con- 
version of coal into oolour is a very important 
branch of applied chemistry. 

The production of beautiful substances ^ from ^ 
such unpromising material as coal tar strikes the 
imagination, and illustrates very forcibly tlie part 
which chemical science can play in tlie utilisation 
of apparently waste products. It ought to be borne 
in mind, moreover, that besides colouring matters 
there are countless other useful products derived 
from coal tar. Ihincli was once moved to say that 
“ You can make anything from a salve to a star, if 
you only know how, from black coal tar ! ” There 
is indeed an extraordinary variety of substances 
used in the course of daily life which, if we trace 
them back, are found to spring from that unlikely 
source. 

One product obtained from coal tar in consider- 
able quantity is carbolic acid, whicli is so widely 
employed for disinfecting and antiseptic purposes, 
and tlie peculiar smell of which is hmiiliar to 
everybody. Carbolic acid, too, is the starting-point 
for the manufacture of picric acid, extensively used 
in the production of explosives, such as melinite 
and lyddite. The benzene and other hydrocarbons 
present in coal tar can be made to yield not only 
dyes, but also perfumes, amesthetics, photographic 
developer, as well as drugs like antipyrine and 



vni 


MOKE ABOUT BY-PRODUCTS 123 


phenacetin. •From the same source is obtained 
also the curious subatanc® known as saccharin, 
the sweetening power of which is said to be three 
^ hundred times as great as that of sugar. It thus 
appears that by chemical treatment even coal tar 
can be made to minister in quite an exceptional 
degree to the needs and comforts of civilised man. 

The attention of the reader was directed in the 
^ beginning of the chapter to the fact that the 
production of gas by the distillation of coal gives 
rise incidentally to coal tar and ammoniacal liquor. 
We have seen how chemists have learned in the 
course of time to utilise the coal tar: it will be 
interesting to glance for a little at the history of 
the ammoniacal liquor. 

Ammonia, it may be well to point out, is a 
chemical compound of nitrogen and hydrogen. It 
is a colourless alkaline gas, with a characteristic pun- 
gent smell, and very soluble in w^ater. The so-called 
“ liquid ammonia ” which is sold in druggists’ and 
other shops is merely a strong solution of ammonia 
gas in u^ter. Since nitrogen enters into the composi- 
tion of every living thing, both animal and vegetable, 
we need not be surprised that it should be found in 
coal, for this product represents tlie decomposed 
vegetalSon of a past age. It is probable also that 
animal remains are responsible for a good deal of 
the nitrogen wliich is found in coal. 
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Nitrogen docs not exist as such in the coal, 
but in the form of complex compounds, which are 
broken up when the coal is heated. When the 
coal is burned in the ordinary way, the nitrogen in 
these complex compounds is mostly liberated in the 
free state and escapes into the atmosphere. If, 
however, tlie heating takes place in closed retorts, 
as in the process of gas manufacture, a large part 
of tlie nitrogen from the coal combines with 
hydrogen, also from the coal, to form ammonia. 

Now although nitrogen is present in coal 
only to a small extent, — from one to two per 
cent, — and although only part of this nitrogen is 
converted into ammonia, it is evident that a 
very large quantity of this substance must be 
produced in British gas-works every year. We 
have only to bear in mind that in this countiy 
the (quantity of coal which is annually consumed in 
the mauufiicture of coal gas and coke is between 
20 and 30 million tons. As a matter of fact, 
about 250,000 tons of sulphate of ammonia are 
turned out every year from British gas- ar;d coke- 
works. A fair quantity of sulphate of ammonia is 
produced also in the distillation of Scottish shale, 
but coal is by liir tlie most important source of this 
substance. 

At tlie time when coal gas was first manufactured, 
about one hundred years ago, it was well known 
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that ammoniac was produced in tlie process. Not 
only so : the rnaniifacturQrs hoped to sell the' 
ammonia and tlms reduce the cost of the gas. 

^ Tliis expectation, liowevcr, was not fulfilled ; there 
was no market for the ammonia, and llie amount 
produced in the gas-works was far greater than 
the demand. Many of the manufacturers did 
not attempt to use the ammonia, and merely 
tipped the ammoniacal liquor into sew(jr, river, or 
sea, according to the j)osition of the works. As 
the ammoniacfil liquor has a higlily ohjectioiiable 
smell, this practice gave rise to many complaints, 
and led people to form an un fa\^oural)le oj>iuion 
of gas - lighting itself, Tlio disposal of the 
ammonia, therefore, was a constant problem to the 
manufacturers. 

Xow all this has been changed. The ammonia, 
instead of being a worry and a nuisance, is a valuable 
source of profit to the gas mannfaclurers, a result 
brought about in large measure l)y the a])plicatii»n 
of chemistry to agriculture. Tlie scientific study of 
the food, of plants has shown that the carbon dioxide 
which is so necessary is taken in through the l(*aves, 
but that the nitrogen required finds its way into 
the plant via the soil and the roots. Sonni plants, 
siicli as peas and vetches, are provided with special 
means of absorbing atmosjdieric nitrogen ; on their 
roots there are peculiar swellings or nodules ” 
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which contain micro-organisms capable of dealing 
'with nitrogen and rendering it suitable for use as 
food by tli(3 plant. In the great majority of cases, 
however, plants are unable to utilise the nitrogen of 
the atmosphere directly; it must be presented to 
them in tlie form of a nitrate, that is, a salt derived 
from nitric acid and an alkali, such as soda or 
potash. 

Nature itself i)rovides for a certain supply of 
this nitrogenous food to plants. When electric dis- 
charges take place in the atmosphere, combination 
takes place to a small extent between the nitrogen 
and the oxygen, and nitric acid is formed. This, 
together with tlie ammonia given off from decaying 
organic matter, is washed into the soil by the rain, 
and is then available for absorption by tlie roots of 
plants. It has been estimated that in one or other 
of these forms, four or five pounds of nitrogen are 
annually washed into an acre of soil. Whilst 
nitrates are the most digestible form of nitrogen so 
far as the plant is concerned, the ammonia and its 
compounds which are carried into the soil ^re also 
utilised as food, for there are in the soil numbers of 
bacteria which convert ammonia compounds into 
nitrates. 

A clear understanding of the way in wliich plants 
feed was necessary before the manuring and enrich- 
ment of the soil could be carried out on a scientific 




FifJ. -SO. — These were grown on adjacent |ilots. Tlie sMTn})l(*s 

illustrate the effect of («) leaving the grouiul unrnainirecl for many 
years, {h) using mineral manure only, (c) using nitrogenous as well 
as mineral manure. 

(Bp kind jH'rmis.’ihm of the Rnynl Aijrirnftnmt Sonefif of Kiojhind.) 


has regularly used manure on his land, but until 
the chemist and the agriculturist joined hands this 
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was done without any clear idea 'of tlie under- 
lying princiides. Tlie waste products of the animal 
body contain much that is valuable for enricliing 
the soil, and hence farm-yard dung is an excellent 
inanure. This, of course, was known long ago, but 
nowadays we can supply to a soil the particular 
kind of food it requires in the 1‘onn of chemical 
compounds. 

So far as nitrogenous plant food is concerned, the 
compounds chiefly employed are nitrate of soda 
and sulphate of ammonia. There are in Chile 
large, natural deposits of the former substance, and 
every year one and a half to two iiiilliou tons are 
exported from that country for use chiefly as manure. 
What is of main interest, however, in connection 
wdth the subject of this cliapter is tlie fiiet that 
sulphate of ammonia is now very extensively used 
as a nitrogenous inanure. Here it is that the 
application of science to agriculture has reacted so 
favourably on the process of gas manufacture. A 
useful and valuable outlet has been found for what 
was once a source of trouble, and instead of throw- 
ing out the ammoniacal liquor to be a nuisance 
to others, the gas manufacturer sells sulphate of 
ammonia, at a good price to the farmer, who gets 
a return in the shape of more abundant crops. 

A hundred years ago, when gas-lighting was in 
its infancy, the coal tar and the ammoniacal liquor 
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were serious encumbrances to the progress of the 
new industry. Tlie course »of events has proved 
that from the point of view of the gas manufacturer 
pthey w^rc merely blessings in disguise ; if it were 
not for the profits made l)y selling tliese by-products, 
it would be much more difficult for the gas industry 
to hold its own in competition with electric lighting. 
We have here another example of the way in 
^which the fortunes of an industry depend on the 
extent to which waste products are successfully 
utilised. It is plain, too, that success in this 
direction depends on the aj)]>lication of scientific 
methods. 


CHAPTER IX 

TJIE CHEMICAL I.AI3UKATOKY IN COMrETlTION AVITH 
NATURE 

The merely physical obstacles which lie in the path 
of human progress liave been, to a very large extent, 
overcome: Erom the days of Columbus onwards, 

man has been learning to pass with comparative 
safety and rapidity across the wastes of water that 
separate one continent from another. Impassable 
rivers have been bridged, unscalable mountains 
have been tunnelled, and messages are flashed from 
one country to another, annihilating time and 

K 
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distance. Now, in these last days, the wit of man 
has devised even means of travelling through the 
thin and unsubstantial air. All these successful 
attempts to subdue Nature are the result of iniicli, 
patient study of her secrets. Man must have a 
knowledge of natural laws before he can apply 
them for his own benefit. 

The chemist, too, has been advancing on similar 
lines. He has spent much time and energy in 
discovering what things are made pf, in utilising 
naturally occurring substances, in studying the 
subtle chemical changes that go on around us, 
and, last l)ut not least, in trying to make in the 
laboratory the many wonderful products which 
Nature yields. This attempt to compete with 
Nature is, indeed, one of the most interesting aspects 
of modern chemistry, and although it is still beyond 
the wit of mail to make the simplest living material, 
it is astonishing how many of the complex sub- 
stances produced ordinarily in the tissues of animals 
and plants can now be made in the chemical 
laboratory. * 

It will be well, however, to consider first some 
instances showing how far the artificial production 
of inorganic products has been successful. By in- 
organic products we mean those substances which 
may be described as dead matter, and do not owe 
their origin to the activity of any living organism. 
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The chemist has contrived to produce in the 
^laboratory and in the factory many inorganic sub- 
stances, the natural supply of which is not sufficient 
*to meet his wants. 

In a previous chapter we have learned sometliing 
of the great soda industry, and of its interesting 
history. Xow carbonate of soda is found naturally 
in small quantities, but when we remember its 
^extensive use in tlie manufacture of soap and glass, 
it is obvious Jbliat this source of supply would be 
totally inadequate. For more than one liundred years 
now the civilised' community lias depended for its 
supply of carbonate of soda on the artificial product 
alone. What Leblanc and other clicmists have 
<lone is to show how a valuable and useful material, 
occurring in very small quantities in the crust of 
the earth, can easily be made from another substance, 
common salt, which is available to an almost un- 
limited extent. 

In recent years an interesting situation has 
arisen in connection with the world’s supply of 
nitrates (that is, salts derived from nitric acid and 
an alkali). These substances are chiefly valuable 
to man in two very different ways — first as manure, 
and secondly as the source of nitric acid, the basis 
of a great many explosives. The most important 
nitrates occurring naturally are nitre or saltpetre, 
which is nitrate of 2 )otash, and Chile saltpetre, 
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which is nitrate of soda. Eiiormdus deposits of 
the latter substance ar» found in Chile, from which 
country, as stated in the last chapter, from one to 
two million tons are exported every year. 

The extent of these beds, however, is not 
unlimited, and a few years ago Sir William 
Crookes and others pointed out that if the 
export of the Chile saltpetre continued at its 
present rate, this valuable store of nitrogenous 
manure would soon be exhausted. The 'want of 
manure would in its turn have a very serious effect 
on the supply of wlieat and other food. It is 
true, as we liave already seen, tliat sulphate of 
ammonia, obtained as a by-product in the manu- 
facture of gas and coke, can be used, and is very 
largely used, as a nitrogenous manure ; but the 
supply of this substance, although not likely to 
fail for a long time to come, is quite insufficient 
to meet the fixrmer s demand for nitrogen. 

In these circumstances, then, men of science 
have lately been looking around for a fresh 
source of nitrogen. The obvious suggestion is 
that enormous (piantities of nitrogen are available 
in the atmosphere, and that w'e should utilise some 
of this vast supply. There is no doul)t as to the 
enormous amount available, for four -fifths of the 
atmosphere consists of nitrogen, and the actual 
weight of this gas is about twelve pounds for 



irx 


THE CHEMICAL LA150RAT0KY 133 


every square iricli of the earth’s surface. Some 
.one has calculated that if, iiis*tead of Chile saltpetre, 
we could employ the equivfilent amount of nitrogen 
«frorii the atmosphere, there would be no sliortage of 
nitrogenous manure for about ten tliousaiid million 
years ! 

The difficulty is, not to find the nitrogen, but to 
get it into sucli a form as will be acceptable to the 
jilant. As was pointed out in the last chapter, 
the great majority of plants are unable to utilise 
nitrogen directly : it must be presented to them 
ill the form of a nitrate. The problem, therefore, 
reduces itself to this : Is there any satisfactory 
and economical way of persuading the free nitrogen 
of tlie atmosphere to enter into combination with 
other elements and yield nitrates ? It would, of 
course, be sufficient if the nitrogen could lie made 
to yield ammonia compounds, for tliese, under tlie 
influence of organisms in the soil, are converted into 
nitrates. 

Within the last ten years many men of science 
have been trying to work out this problem, and it 
is satisfactory to know that success lias been 
achieved. Tliere are factories working to-day, 
notably in Norway, turning out large quantities 
of artificial nitrate, the nitrogen of which was 
once in the atmosphere as a free gas. The 
method of manufacture is in many respects 
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similar to the process by which nitrates are 
produced in Nature. ‘It has already been pointed, 
out that when an electric discliarge takes place 
ill the atmosphere chemical combination between* 
nitrogen and oxygen takes place to some small 
extent, and the nitric acid produced in tliis way 
is washed into the soil by the rain and so becomes 
available for plant food. 

In the artificial process, a current of air is, 
passed through a vessel in which a powerful electric 
discharge is taking place, with the result that a 
.part of the nitrogen and oxygen combine, jiroducing 
nitric acid : this is then absorbed in water and con- 
verted into nitrate of lime or nitrate of soda by 
the addition of lime or soda. The necessity for a 
powerful electric discharge explains wliy many 
of tlie factories for the artificial production of 
nitrates are to be found in Norway, where plentiful 
waterfalls supply cheap water-power for generating 
electricity. If it were not possible to get electricity 
thus cheaply, the artificial nitrate would be unable 
to compete with tlie saltpetre from Chile. ’ 

Another unique natural product which many 
persons have attempted to imitate is the diamond. 
This gem is worth far more thuti its weight in gold, 
and a fortune aw%aits any one who discovers how to 
make real diamonds in his own laboratory. The 
astonishing fact is that from the chemical point of 
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Fig. 31 .— a Norwegian waterfall, the power of whieli is partly utilised 
ill the production of nitrate. 
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view the diamond is the same as (!jharcoal : both 
consist of the element ccarbon, the diUerence being 
tluit the diamond is crystalline, while charcoal is 
non-crystalline. There is no lack, therefore, ^of the, 
material ; the difficulty consists in getting carbon 
in the crystalline condition which is the wonderful 
feature of the diamond. 

In one sense it is correct to say that artificial 
diamonds liave been made. For laboratory experi- ^ 
ments in this direction have betju successful, 
although tlie gems obtaine<l were too small to have 
any commercial value. The well-known French 
chemist Moissan, starting with the idea that 
diamonds are carbon which has crystallistid under 
great pressure, proceeded to imitate these conditions 
by dissolving ordinary non -crystalline carbon in 
molten iron, and then suddenly cooling the outside 
of the crucible containing the metal. In this way 
the iron next the walls of the crucible became a 
solid crust while the metal in the interior was still 
molten. This enclosed molten portion crystallised 
gradually, but since iron, like water, increases in 
bulk when it passes from the liquid to the solid 
state, this process of crystallisation took place 
under great pressure, and the conditions, therefore, 
were realised in which Moissan expected diamonds 
to be formed. When the contents of the crucible 
had become quite cold they were broken up and 
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tiny fragmeiSts of diamonds were actually found, 
although too small, as already stated, to have any 
commercial value. 

TJiese tiny artificial diamonds, it is nocessai-y to 
Temember, were not mere imitations ; they were 
the real article and consisted of carbon only. 
Imitation diamonds are turned out in large 
quantities and are made of so-called “ paste,” a soft 
h(?avy kind of glass which contains no carbon 
whatever. Jtadium is useful in distinguishing 
imitation /roni real diamonds. The gems are 
brought (dose to a fragment of radium salt in a dark 
room, when the real diamonds wdll glow with a 
kind of phosphorescence, while the imitation gems 
are not affected. 

The laboratory competes with Nature more 
successfully in regard to other precious stones than 
the diamond. The manufacture of artificial rubies 
is a full-fledged industry, while sapphires also can 
be produced in the laboratory. It is necessary, 
perhaps, to emphasise the fact that these artificial 
gems, or “synthetic” gems, as they are sometimes 
called, are essentially the same as the natural 
stones. There are plenty of imitation rubies on 
the market, but they are merely made of “ paste,” 
and are chemically quite distinct from the real 
gems. 

From the chemical point of view, the ruby 
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is a very simple substance, consisting almost 
entirely of alumina, the oxide of the metal 
aluminium, in the crystalline state. This in itself 
would be quite colourless, and the beautiful red 
colour of the ruby is due to a small quantity of 
chromium oxide which it contains. Alumina, which 



Flu. — Tlic inaiiiiractunj of rubie.s, 

{H}/ pcrniisswn u/ Mr, JC. Hopkins.) 


forms the basis of the ruby, is exceedingly plentiful 
and very cheap ; like the carbon of which the 
diamond consists, it is very easily obtained. The 
difficulty in the artificial production of the ruby 
is to get the white powdery alumina into the 
crystalline and flawless condition of the best natural 
gems. It lias taken much time and trouble to 
find out how this can be done, but nowadays 
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synthetic rubies are made which are almost indis- 
tinguishable from the natural stones. 

A very higli temperature is required to melt 



-The iiianuia<*.tur« of rubies — tlie blowpipe. 
{Itij Ijvmdsidon of Mr, A'. Hopkins.) 


alumina, but this is secured by means of what is 
known as a blowpipe, in whicli either hydrogen or 
coal gas is burned with oxygen. Such a flame is 
extremely hot, and if the powdered alumina, 
containing some chromium oxide to give it the 
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ilesired red colour, is fed into the flame, a little at 
a time, it is melted. The tiny drops of melted 
alumina arc accumulated on a porcelain receiver 
just below the (lame; then, when the masc or 
“ boule,” as it is called, is big enough, the flame is 
extinguished and tlie melted alumina becomes solid. 
On examination the boule is found to be crystalline 
throughout, and it is then handed over to the gem- 
cutter, who treats it exactly as he would a natural 
ruby. One difticulty in the production of the 
synthetic ruby is to avoid the enclosure oi‘ tiny air- 
bubbles in the boule, but careful manipulation of 
the process which has just been described yields 
gems that are practically free from these flaws. 

The synthesis of the ruby is quite a modern 
achievement, but a somewhat similar event is in- 
cluded ill the records of the early part of last century, 
in connection with another highly-prized mineral. 
This was the so-called lazuli, found chiefly in 
China and Persia, and much valued for its splendid 
blue colour. It was employed for ornamental and 
decorative purposes, and when crushed, washed and 
purified, it yielded an excellent pigment, or colour- 
ing matter, known as ultramarine. It appears that 
as early as tlie beginning of the sixteenth century 
this blue pigment was brought to London from 
'' beyond the seas ” — whence its name. 

The lapis lazuli was somewhat rare and could 
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be obtained* only in oiit-of-tlie-way places; the 
process, too, of extracting Jibe ultraiiiariiie from the 
mineral was very tedious, and it is therefore 
not surprising that the pigment was very costly. 
•About the beginning of last century it fetched 
about fifty sliillings per ounce. This high price 
prohibited any very extensive use of ultramarine, 
although its valuable qualities as a pigment were 
well known. The difficulty of procuring an 
adequate su]3ply of this useful material was solved in 
1^28, after a prize of GOOD francs (£240) had been 
ottered in France for the best piactical metliod of 
manufacturing it. A clue to the most likely way of 
obtaining artificial ultramarine had been furnished 
by the observation, made in 1 8 1 4, that a blue 
colour was formed in certain black ash furnaceG, 
used ill connection with the Leblanc soda process. 
This casual observation led up to the successful 
artificial production of ultramarine. 

From 1828 onwards the manufacture of this valu- 
able pigment has steadily grown, and at the present 
time about 10,000 tons are produced every year, 
chiefly in Germany. The details of the manu- 
facturing process are trade secrets, but the raw 
materials employed are pure clay, sulphate of soda, 
carbonate of soda, sulphur, and charcoal. Since 
these substances are all very easily obtained and 
relatively cheap, one result of the discovery of 
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artificial ultramarine has been to lower the price of 
the pigment in a most, remarkable fashion. As 
already stated, the natural ultramarine cost, at the 
beginning of the nineteenth century, from £2 to £3 
per ounce ; nowadays the artificial product can be 
purchased for less than thirty sliillings per cwt. 
Ultramarine is used extensively for wall-painting, 
in tlie printing of paper-hangings and calico, 
and as a corrective of the yellowish tinge often 
shown by articles which are supposed to be white, 
such as linen and paper. Comparatively large 
quantities, too, are employed in producing the pale- 
blue writing paper common in this country. 


CHArTEK X 

THE WONDEHFUL llESULTS OF SYNTHETIC CHEMISTRY 

Still more striking than the artificial production of 
soda, nitrate, rubies, or ultramarine, is tlie success 
which has attended the efforts of tlie chemist to 
make organic substances. These are commonly 
produced in Nature by the agency of plants and 
animals, that is, through the activity of a living 
organism, and for long it was believed that onl?/ in 
this way could these substances be obtained. The 
year 1828, however, in which artificial ultramarine 
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was first proauced, witnessed another and far more 
important discovery — oijc that suggested the 
possibility of preparing organic substances from 
iiiorg^inic material without the aid of animal or 
•plant. 

This epoch-making discovery was made by the 
well-known Cerinan chemist Wiihler^ who was at 
that time a teacher of chemistry in Berlin. The 
starting-point of his experiments was a compound 
known as apiinonium cyanate. This was regarded 
as. an inorganic substance and is, indeed, capable of 
being built up or ‘‘ synthesised from the elements 
carbon, hydrogen, oxygen and nitrogen which enter 
into its composition. The fact that ammonium 
cyanatc can thus be prepared in the laboratory 
shows that its production does not depend on the 
activity of any living organism. 

Y'et AYohler found, to his great surprise, that 
when a solution of ammonium cyanate in water was 
merely evaporated to dryness a large proportion of 
it was changed into the substance known as urea, 
or carbamide. Now tliis is essentially an auinial 
product, for it is in tlie form of carbamide that the 
waste nitrogen of tlie human body is got rid of. A 
grown man produces on the average about one ounce 
of this substance every day. 

For the first time, then, there was made in the 
laboratory a substance whicli was undoubtedly 
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organic. Since that notable discovery of Wiihler’s 
in 1828, chemists hajre tried, with wonderful 
success, to synthesise, ix. to build up cartificially, 
numberless organic substances of the most complex 
kind. Before this is possible, it is, of course; 
necessary to understand the structure of these com- 
pounds, to analyse ” or break down the naturally 
occurring product and discover tlie simpler materials 
out of which it can probably be built up. This has 
been successfully done, for instance, with glucose, or 
grape sugar, the sweet substance whicli ?s found 
honey and in many fruits. By a series of steps, 
which cannot be described here, it is possible to 
make this sugar in the laboratory from formal- 
dehyde, a substance which, under the name of for- 
malin, is often used in solution for disinfecting 
purposes. Formaldehyde, in its turn, can be pre- 
pared indirectly from purely inorganiti materials ; 
hence we may fairly say that tlie chemist can make 
glucose in liis laboratory without the aid of any 
living organism. 

This result is of the highest interest from the 
purely scientific point of view, and it is only one of 
many similar achievements. The reader, however, 
will probably ask wliat is the use of synthesising 
sugar when we can get any quantity of it from the 
vegetable world ? Now, while it is quite true that 
synthetic glucose cannot compete with or replace 
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the abundant natural proauct, it should be pointed 
out that the person who estynates the value of any 
scientific discovery merely by the pounds, shillings, 
^and pgnce into which it can be translated, takes 
a«very narrow view of things. Knowledge is worth 
getting for its own sake, and the lovers of science 
may reflect with pride on the devotion wliich 
the workers of the past have shown in the pur- 
suit of Nature’s secrets, without any prospect of 
a money return. Their discoveries may have 
me^jiit years^ of hard toil, and yet they had no 
reward in the shape of hard cash ; they had simply 
the pleasure of doing the work — the honour and the 
glory of having accomplished something. 

There are still many men of science who spend 
their lives in trying to discover Nature’s secrets for 
the sake of knowledge alone, but there is no doubt 
that nowadays the commercial side of chemistry is 
much more prominent. It must be so, for the 
applications of chemistry in modern life are in- 
numerable, and the laboratory is in many cases an 
essential part of the factory — its brains, in fact. 
Hence it comes that chemical discoveries made 
under these conditions may have a very definite 
money value. Frequently it happens that a dis- 
covery, which, at the time it was made, was of 
purely scientific interest, turns out later to be of 
great commercial value. A process which has been 
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worked out in the laboratory may become of great 
importance on the fact^)ry scale. 

Now the synthesis of organic substances, dating • 
back to Wohler’s wonderful discovery in 18^28, has^ 
come to play a remarkable part in technical 
chemistry. It is true that the synthesis of glucose 
and hundreds of other substances has no direct 
influence whatever on practical life, and has little 
interest for anybody outside a chemical laboratory. 
There are, however, some remarkable^ cases in which 
the discoveries of synthetic chemistry have entirely 
altered the character of an industry, and these arc 
worth some attention. 

A very interesting example of the way in which 
a synthetic organic substance may come into the 
market ns a competitor of the natural product is 
furnished by the history of ali; 2 ariii. This is a 
valuable dye-stuff which has been known for a very 
long time. Cloth dyed with alizarin has been found 
on Egyptian mummies, and there are references to 
it in tlie works of Pliny and other Latin writers. 
The natural dye was obtained from the madder root, 
and hence large areas of France, Holland, Italy, and 
Turkey were devoted to the cultivation of that 
plant. As attempts made to grow the plant in 
England met with but indifferent success, the 
madder required iu this country had to be im- 
ported. 
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It is very instructive to learn that the 
quantity of madder brought tinto England in 1868 
amounted to. over 15,000 tons, while in 1892 
rfihe quantity was only about 200 tons. "Wliat 
w&s responsible for this remarkable falling off in 
the imports of madder ? Simply this, that chemists 
had discovered the synthesis of alizarin, and accord- 
ingly this venerable product of the vegetable world 
was in the course of a few years almost completely 
hustled out of,the market. The mere discovery of 
a way to ingike alizarin in the laboratory would 
not have led to this result, but the artificial product 
was cheaper than the natural dye, and could thus 
compete successfully with it. 

The introduction of artificial alizarin meant 
economy in more ways than one. The raw 
material of the new industry was the hydro- 
earbon anthracene, a coal tar by-i)roduct which 
was formerly of no use, and, moreover, the areas 
iiitherto employed in the cultivation of the madder 
plant were now available for raising other crops, 
[t is only riglit, however, to remember that the 
idvance of science, wdieii it leads to industrial 
ih'anges of this kind, frequently means unernploy- 
nent and privation to hundreds of workers. 
liV'hat is for the benefit of society as a whole, 
may yet involve suffering to individuals. The 
people engaged in the cultivation of madder 
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found their occupation slipping from them as the 
demand for natural alizarin decreased — a conse- 
quence which the advance of science often brings 
in its train. The last ten years, for instancei 
have witnessed a remarkable substitution of motoi 
power for horse traction on the streets of our ]arg( 
cities, but this change has meant much hardship to 
the drivers of the older vehicles. 

Natural alizarin has been ousted from the 
market by the artificial product, and it almost 
seems as if that other well-known dye-stuff, indigo, 
were to share a similar fate. Until very recent 
times our supply of this valuable colouring matter 
was obtained chiefly from India, and the value 
of the exports of indigo from that country was 
£3,570,000 as late as 1895. The natural product 
has, however, been very hard hit by the artificial 
dye, one evidence of which is that by 1010 the 
exports from India were worth only £234,000. 
Indeed, it is estimated that of the total quantity 
of indigo now consumed in the different countries 
of the world, more than four-fifths is the artificial 
product. 

It is some considerable time since chemists 
discovered how indigo could be made in the 
laboratory from comparatively simple substances. 
The artificial product, however, has become a 
formidable competitor with the natural dye only 
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ill recent years, for the laboratory process first 
known was rather costly and *1116 syntlietic material 
was too dear .to compete with indigo from India, 
fn the •commercial world, naturally, dividends are 
EL prime consideration, and it was useless to make 
quantities of artificial indigo unless it was able 



Fig. 34. — W’ork on an indigo plantation. 


to compete on something like equal terms with 
the otlier. Meanwhile chemists were wrestling 
with the difficulties that cropped up in the artificial 
production of indigo. These were gradually over- 
come, the process was improved, and at last it 
became possible to turn out indigo from the factory 
as cheap as the natural dye, so that the supremacy 
of the latter has been challenged successfully. 
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The raw materials required in the production of 
synthetic indigo are (1) tlie hydrocarbon naphtha- 
lene, (2) ammonia — both these substances being 
obtained as by-products in tlie manufacture oi 
coal gas ; (3) acetic acid, from wood, and (4) oxygen,, 
from the air. It is interesting to know that one 
of the improvements introduced into the original 
artificial process was discovered quite by chance. 
One of the chief steps in the process is the con- 
version of the naphthalene into a sul)stanco known 
as phtlialic acid, and for a time it was customary 
to l)ring about this change by the agency of hot 
sulphuric acid. The change, liowever, took place 
slowly, and it was therefore desirable to make some 
improvement in the method of converting the 
naplithalene into phthalic acid. 

Ill the course of some experiments carried 
out with this object, the bulb of a thermometer 
was accidentally broken, and the mercury ran 
out into the hot mixture of naphthalene and 
sulphuric acid. It was at once noticed that, 
ill the presence of mercury, naplithalene was 
much more ra^udly converted into phthalic acid, 
and this chance observation led to the desired 
improvement of the process. 

Another product of the vegetable world which 
lias lately been threatened by its synthetic rival is 
camphor. This substance is applied to some extent 
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for medicinal and household purposes, hut by far 
its most important use is nn the manufacture of 
celluloid, the. highly inflammable material whicli 
•is employed in the production of such various 
articles as piano keys, combs, billkrd balls, and 
photograi>hic films. Altogether the 'world inquires 
some 4000 or 5000 tons of camplior every year. 



Fki. 35. — Preparing oriwlc camphor. 


and this has been supplied almost entirely by 
China and Japan. True Japanese camplior is 
obtained from a tree belonging to the laurel family. 
The wood is cut into small pieces and sulijected to 
the action of steam. This carries off* the volatile 
camphor, which is then condensed in a cool 
vessel. 

Formosa, in particular, supplies large quantities 
of camphor, and when, after the Chino-Japanese 
war in 1894, this island passed into the possession 
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of Japan, the production of camphor was made a 
Government monopoly.* As a consequence, the 
price went up. Those interested in .the celluloid 
industry naturally disliked this turn of events, « 
and were afraid lest the Japanese Government 
might attempt also to control the manufacture 
of celluloid. All these circumstances stimulated 
the attempt to produce synthetic camphor, and 
chemists at last succeeded in preparing it from , 
turpentine oil. Not only so, hut the synthetic 
product can be turned out at a cost which enables 
it to compete with camphor from Japan. The 
struggle between the natural and the synthetic 
products is in full swing at the j)resent time, and 
it is not possible to say what the outcome will be. 
As already stated, the raw material required for the 
manufactured camphor is turpentine, and the result 
of the struggle will therefore largely depend on 
whether a plentiful supply of turpentine is available 
at a moderate price. 

It is worth while noting tliat in addition to 
natural camphor and synthetic camphor tliere is 
also on the market a product known as artificial 
camphor.” This material has indeed an odour 
resembling that of true camphor, but is really quite 
a different substance. Synthetic camphor, on the 
other liand, is chemically identical with the natural 
Ijroduct. 
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During the last few j'ears much has been heard 
of india-rubber. Tliis valuable natural product has 
been recj[uir|id in ever-increasing quantities iii 
civilised countries, and a great stimulus has lately 



Fig. 36. — A rubber pl.'iiitation. 

{liy pcniiissUm o/Afessrs. M. /'. Fm-Jis <l& Co.) 


been given to the cultivation of rubber-bearing 
trees in different parts of the world. The total 
production of raw rubber is probably about 70,000 
tons every year, but as it fetches from £10 to £15 
a hundredweight it is evident that the commercial 
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iinjiortance of the industry is very considerable. 
India-rubber is obtained, from certain trees which, 
when tapped by cutting through the „outer bark, 
yield a milky fluid, or “latex,” of a more or less 
viscous nature. The latex is coagulated into solid' 
rubber, either by the action of heat and wood smoke, 
or by the addition of acetic acid. 

The production of synthetic rubber is an alluring 
prospect to the chemist and the manufacturer, and 
it has already been successfully effectetj on a small 
scale. The chief step in the production qf synthetic 
rubber is the preparation of a liquid hydrocarbon 
known as isoprene, which has long been known to 
stand in some close relationship to rubber. Wlien 
rubber, for instance, is subjected to destructive 
distillation, it yields a mixture of hydrocarbons, 
among which isoprene is prominent. Xow it has 
been found that isoprene, if kept for a time in 
contact with the metal sodium, is converted into 
solid rubber. 

Isoprene itself may be obtained by the destructive 
distillation of turpentine, and this substance might 
be used as the starting-point for the jiroduction of 
synthetic rubber. The quantity of isoprene thus 
obtainable is, however, small in comparison with 
the amount of turpentine used, so that the process 
is a costly one. A much cheaper raw material is 
starch, which is obtainable in unlimited quantities, 
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and from \vhicli isoprene can be j)roduced by 
indirect means. The prodiictioii of synthetic rubber 
is therefore , an accomplished fact, but it will probably 
be some time 
^before rubber 
cultivation goes 
the way of mad- 
der fields and 
indigo planta- 
tions. • 

" Enough has 
been said to 
sliow the reader 
what wonderful 
results have al- 
ready followed 
the attempts of 
chemists to 
build up animal 
and vegetable 
products from 
simpler sub- 
stances. It must be borne in mind that in the 
cases quoted above, alizarin, indigo, camphor, and 
rubber, the synthetic materials are chemically 
identical with the natural substances and not mere 
substitutes or imitations. There are other natural 
products which the chemist has been unable to 
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Fi(?. 37.— Silkworm cocoons. 
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reproduce so completely: in such cases he has to 
be content to imitate as, closely as he can. Silk 
fiiniishes a good instance of this. 

Heal silk is obtained, as the reader probably 
knows, from the silkworm, but at the present day 
very large quantities of artificial ” silk are produced. 
Unlike alizarin, indigo, and camphor, silk is not 
one definite chemical compound; the fibres consist 
of at least two nitrogenous compounds, one of which 
is found as a coating on the other. Artificial or 
imitation silk is quite different chemically, and 
resembles the natural j)roduct only in its i^hysical 
properties. The raw material for the manufacture 
of artificial silk is cellulose, a compound of carbon, 
hydrogen, and oxygen. One i^roccss consists in 
changing cotton-wool, which is nearly jmre cellulose, 
into gun-cotton, and then squirting a solution of 
this through a very fine nozzle into the air or into 
water. The filaments obtained in this way have 
many striking x>oiiits of resemblance to fibres of 
true silk. 

In other manufacturing processes the cellulose 
is dissolved directly, and the solution is squirted 
into filaments in the way described. It is 
a remarkable fact that artificial silk has so far 
hardly come into competition wdth the natural 
l)roduct. Tlic qualities and physical characters of 
the two materials are not by any means the same, 
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and the artificial variety is being applied to purposes 
for which natural silk has. not been used. 


CHAPTEE XI 

CHEMISTRY IN THE SERVICE OE THE PUBLIC 

The attention of the reader has already been 

directed to the fact that in the manufacture of 

« 

inany products required in modern civilised life, 
the workers arc subject to various risks of a 
subtle kind. In order to secure the good health 
of 'those engaged in such dangerous trades the 
assistance of the chemist has frequently been 
invoked, and in this capacity he has been able 
to make a valuable contribution to the well-being 
of the community. But in addition to these 
examples there are countless other cases, less familiar 
perhaps to the average person, in which the chemist 
is doing good work in the interests of the public. 

"We call ourselves a civilised community, and 
yet it is a melancholy fact that there are many “ of 
the baser sort ” who are continually preying on the 
social body of which they are supposed to be 
members. It is not only thieves and pickpockets 
who belong to this class, but also those more subtle 
foes of the community who practise deceit and 
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fraud of various kinds. There are, for 'instance, the 
men who seek to increas^e their profits by watering 
milk, l)y improving ” jam, by selling^ margarine 
as butter, and by offering to the i)ublic quantities of 
material inferior in quality to the samples which* 
have been shown. 

Just as trained detectives are required to watch 
the expert criminals in all our large towns, and 
bring every crime home to its author, so in every 
civilised country there is a body of skilled chemists 
on the look-out for those rogues who ^adulterate 
food and other products supidied to the j)ub]ic. 
The fraud practised in this way is often so 
skilfully concealed that the man. in the street 
would be deceived at every turn. Thanks, 
however, to our public analysts and to the chemists 
in the Government Laboratory, many of these rogues 
are detected and punished, and the practice of 
adulteration is distinctly risky in consequence. 

The amount of work thus carried out for the 
safeguarding of the public interest and tlie public 
purse is not generally known. The following 
example, perhaps, may be useful in giving the 
reader an idea of what is done in this way. It is the 
practice of the Customs officers to examine specimens 
of the tea imported into the United Kingdom, and 
in the year 1910 over 10,000 samples were taken 
and investigated. Of these between 600 and 700 
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were found to be unsatisfactory as regards purity, 
and the packages from which the samples were 
taken, containing altogether about 120,000 pounds 
of tea, were accordingly rejected. Compared with 
•the total quantity of tea imported annually into 
this country the amount rejected is small, but the 
facts quoted show clearly the need for vigilance on 
the i)art of our public chemists. 

These scientific detectives find it necessary to 
keep a strict eye also on the milk and butter wliicli 
form so important a part of our food. Cheese is 
less liable to adulteration than either milk or butter, 
for when once a cheese has been made it is not 
possible to add moisture to it or remove fat from it. 
On the other hand, it is very easy either to add 
water to milk, or to abstract some of the fat which 
it contains, and it is humiliating to learn tliat of 
the thousands of milk samples taken all over the 
country 1 in 1 0 on the average is found to liave been 
tampered with. In one part of the country in 
1909, adulteration was actually detected in about 
one out of every four samples of milk taken. 

To detect this adulteration with certainty 
requires both experience and skill. It miglit be 
thouglit that the addition of water to milk or the 
removal of fiit would be revealed by simply 
ascertaining the '‘gravity” of the milk, that is, 
finding how much heavier the milk is than 
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water, bulk for bulk. This tiiiie-lionbured method 
dates from the days of Archimedes, who was able 
to prove that a certain crown made for the king of 
Syracuse was not pure gold, as had been stated, 
but contained some baser metal. The gravity^ 
method, however, cannot be relied on in the case of 
milk. The fat particles are lighter than the liquid 
in which they float, and hence “ skimmed ” milk is 
heavier, bulk for bulk, than the original milk — in 
other words its gravity is higher. If, now, a little 
w-ater is added to the skimmed milk, the gravity^ is 
reduced, and may be brought back to the same 
value as that of the original milk. 

By a judicious combination, therefor^, of 
skimming and watering, the milk adulterator can 
obtain a liquid which is, bulk for bulk, as heavy 
as pure milk. The use of the gravity method 
would fail to detect this kind of adulteration. It 
is true, the appearance of this “ milk ” might not 
be very satisfactory, but this can be corrected by 
putting in a little yellow colouring matter which 
gives the liquid a thick creamy look. 

All tills fraud is readily detected by the skilled 
chemist, who finds the percentage of fat present in 
the milk by methods which need not be described 
here. Pure milk contains, on the average, about 4 
per cent of fat, but it is necessary to make an allow- 
ance for slight variations in the milk obtained from 
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different cows and at different seasons. It may 
safely be said, however, that if a sample of milk is 
found to coi\tain less than 3 per cent of fat, it has 
almost certainly been tampered with. 

• Even when the chemist has proved that a given 
milk sample is unsatisfactory, it is often difficult to 
fix with certainty on the person responsible for the 
adulteration. It must be remembered that, between 
the cow and the consumer, especially if the latter 
resides in a large town, the milk passes through many 
hands. When adulteration has been proved, the 
milk-seller may refer the authorities to the farmer, 
and the farmer may attempt to transfer the blame 
to the cow. Or, perhaps, both milk -seller and 
farmer may agree in suggesting that the deficiency 
in fat should be attributed to the officials of the 
railway company which carried the milk from the 
country to the town. A porter was actually 
detected once at a London station removing milk 
from a can and replacing it by water I 

In the case of butter, adulteration may take the 
form either of adding excess of water, or of replacing 
the butter fat by another variety, such as beef fat 
or lard. The regukar examination of the butter 
made and sold in different parts of the country, as 
well as of the product imported from abroad, brings 
to light every now and then cases where butter con- 
tains more than the normal 16 per cent of water, or 

M 
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is contaminated with fats other than milk fat. Not 
that these other fats are necessarily unwholesome, 
hut it is fraudulent to pass them off as butter. 

Margarine is an instance of an artificial mixture^ 
of animal fats, which is quite suitable for human 
food, and is manufactured in large quantities at the 
present time. It was made first of all during the 
Franco-German war, when the Parisians ran short 
of butter — a fact that might suggest the undesira-, 
bility of using margarine except as* a last resort. 
Nowadays, however, with improved* methods of 
manufacture, the product is cleaner and more 
wholesome. There is really no reasonable objection 
to tlie use of margarine, provided only that it is 
properly made and sold under its own name. It is 
just in securing the observance of these conditions 
that our public analysts render service to the 
community and protect the consumer from fraud. 
Even the cheaper fats are occasionally adulterated, 
and a case is on record in which a consignment of 
so-called " pastry margarine ” from Holland was 
found to contain 1 0 i)er cent of solid paraffin ! 

In tlie investigation of certain food-stuffs the 
microscope furiiislies valuable information to the 
analyst. It may be used, for instance, in the 
detection of “ faked ” or adulterated jam. Un- 
fortunately the labels on the grocer’s jam jars fre- 
quently give a very misleading account of the con- 
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tents, and in many cases preserves are " improved 
beyond recognition. “ Stra\Vberry jam ” may con- 
tain apple pirip, while rhubarb and even turnip are 
•sometiVnes employed by dishonest manufacturers to 
replace the dearer kinds of fruit. 

The practice of adulteration even goes so far 
as to imitate raspberry jam by taking fruit juice 
and adding to it some foreign seeds. Indeed, a 
» story is told of a certain grocer who had been 
regularly supplied with raspberry jam of doubtful 
purity, and 'who, receiving a consignment of the 
really pure article from another firm, returned it on 
the grpund that it contained an unnaturally large 
number of seeds! By any one, however, who is 
familiar with the structure and appearance of 
raspberry seeds, the presence of strange seeds is 
detected immediately. 

The microscope further permits the recognition of 
foreign constituents in jam, on the ground of the 
simple fact that each fruit has its own characteristic 
cellular structure. Hence a so-called black-currant 
jam which has been adulterated with apples will be 
found to contain apple cells when examined under 
the microscope. 

Chocolate is another food-stuff liable to adultera- 
tion of a kind which may be readily detected with 
the help of the microscope. It is obtained from 
the cocoa bean, which consists of an outer shell 
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and an interior part or kernel. The latter, when 
crushed, forms the so-called gocoa nibs, and these 
Contain nearly half their weiglit of cocoa butter, in 
contrast, to the shells of the bean, which contain 
oiih’ 2 or 3 per cent of this fat. Since the shells 
cost only about one-tenth as much as the nibs, the 
chocolate manufacturer is tempted to add powdered 
shells to the ground nibs, and it is to be feared that 
he does not always resist the temptation. This 
adulteration, hoywever, is at once detected under the 
microscope by. the experienced eye of the analyst. 

Another case where differences in structure are 
useful in revealing the history and character of a 
product* occurs in connection with starchy foods. 
Starch is found in a very great variety of plants, 
but the specimens obtained from different sources, 
whilst they are identical in their chemical com- 
position, yet consist of microscopic granules quite 
distinct in shape and size. An analyst, therefore, 
who has had experience in the examination of starch, 
will be able to say at once whether a particular 
specimen has been obtained from potatoes, rice, 
maize, or arrowroot, and in cases of adulteration he 
will recognise the presence of two or more distinct 
kinds of granules. The inducement to adulteration 
in the case of starch depends on the fact that some 
varieties are more expensive than others; arrow- 
root, for example, costs more than potato starch. 
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Much of the work done by our auaiytical chemists 
is concerned with the^ beverages supplied to tlie 
public. The case of milk has already been under 
discussion, but there are various artificial drinks, 
more especially those containing alcohol, wliich are 
subject to strict supervision, not only for the sake 
of public health but also in the interests of the 
national exchequer. For alcohol contributes to the 
revenue of the country, and there arc accordingly 
numbers of Government officials whose work it is 

i'f 

to supervise the manufacture and the importation of 
this dutiable article. In this task they must have 
the assistance of skilled chemists, for only a part of 
the alcohol imported or manufactured appears ?in the 
fox’m of beverages like beer, wine, or whisky. Spirit 
is used in the preparation of very varied products, 
and the chemists of the Government Laboratory 
have therefore to examine sucli imported articles as 
lime juice, blacking and polishes, confectionery, 
drugs, perfumes and toilet preparations, flavouring 
essences, painters' colours and varnishes. 

The quality of the beer sold throughout the 
country is controlled by the regular purchase of 
samples from publicans, and the subsequent examina- 
tion of these samples by trained chemists. As a 
rule, it is found in one out of ten or twelve cases 
that the beer has been diluted with water, and if 
the deficiency in alcohol is considerable the publican 
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who sold the Ueer is prosecuted. Some persons who 
indulge in this form of adulteration attempt to 
conceal the dilution of the beer by adding sugar, 
but a chemical examination reveals the fraud at 
once. 

Curiously enough, while publicans are prosecuted 
for selling beer with less than its proper quantity of 
alcohol, other persons are hailed before the authorities 
for manufacturing beverages containing too much 
* alcohol. The law of the land has no objection to 
the presence of alcohol in ginger beer and similar 
drinks, provided its proportion does not exceed 
1 per cent. In order to see that this condition is 
fulfilled the Hevenue oflicials are constantly taking 
samples and submitting them for examination by 
the Government chemists. It is surprising to learn 
that of about 1000 samples of ginger beer and such 
like beverages thus taken and tested in 1905, as 
many as 3G0 contained alcohol above the legal 
limit ; in several cases there was more than 3 per 
cent of pure spirit ! 

Besides satisfying themselves tliat samples of 
beer contain the proper amount of alcoliol, the 
Government chemists are constantly testing this 
beverage also to see whether any arsenic is present. 
The reader may be surprised that beer could possibly 
contain this very poisonous substance, but recent 
experience has warned the authorities to look out 
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for it. About 1900 a iiuinber of cases of poisoning 
by arsenic occurred in ]V:{anchester and were finally 
traced back to the beer wliicli had been drunk by 
the sufferers. In the brewing of beer a syrupy 
substance, known as ^'invert sugar” is employed, « 
this product in turn being obtained by the action 
of an acid — sulphuric acid, for example — on cane 
sugar. It turned out that the sulphuric acid used 
in preparing the “ invert sugar ” for the Manchester 
beer referred to, was contaminated with arsenic. 

This may very easily happen, for sulphuric acid 
is often manufactured from iron pyrites, a natural 
product which invariably contains arsenic. In the 
Manchester aise this poisonous material had pSssed 
from the pyrites to the sulphuric iicid, from the acid 
to the invert sugar,” and so into the beer. It is not 
surprising, then, that since this scare it is considered 
desirable to examine beer regularly for arsenic. 

It is not only in the control and examination of 
foods and drinks that our public chemist serves the 
community. Tlie various Government Departments 
have to purchase large quantities of stores, and in 
order to prevent waste of public money, it is necessary 
to make sure that material of the proper quality is 
supplied. The paints and varnishes, for instance, 
which are to be employed in public buildings, the 
oil distributed to our lighthouses, the various inks 
supplied to Government offices, consignments of 



XI CH^MISTKY AS A PUBLIC SEEVANT 169 


cement, metals, india-rubber, soap, etc., being shipped 
to India, the drugs and anaesthetics bought for the 
Army Medical Department, are all examined, samples 
.being ^ent to the Government Laboratory for the 
purpose. 

The Postmaster - General frequently finds it 
necessary to call in the assistance of the trained 
chemist. He must be satisfied that the tarry 
substance known as creosote, with 'which the ends 
of telegraph poles are impregnated before they are 
buried in the earth, is up to the mark in regard to 
its preservative power. He submits for examination 
numerous varieties of waterproof material, so that 
his pcfetmen may have tlie best possible equipment 
for rainy days. The stamps issued by his Depart- 
ment have to undergo a searching examination, so 
that both the colouring matter on the front and the 
gum on the l)ack may be certified as harmless. 

The detective powers of the chemists at the 
Government I^aboratory have lately been tested in 
connection with some suj»posed Old Age Pension 
frauds. It was suspected that certain entries in 
old letters, certificates, and family Bibles liad been 
made after the Act was passed, and these articles 
were accordingly submitted for investigation. In 
some of the cases a careful examination of the nature 
of the ink employed showed that the writing was 
comparatively recent. 
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The Board of Agriculture, too; lias many 
questions to submit to the expert chemist. There 
are materials required by the farmer, such as 
manure, sheep-dips, and oil-cake, the' quality of 
which he cannot tell by mere inspection. In his^ 
interests, therefore, it is necessary to have a 
chemical control of these and other stuffs used in 
agricultural operations. As an example of the 
way in which, the farmer is liable to be defrauded, 
some facts bearing on the sale of copper suliihate 
may be quoted. A solution of this substance, often 
known as “ blue vitriol,” is used in dressing wheat 
and, along with lime, for spraying potatoes for potato 
disease, and bushes infected with mildew. Bui the 
reports of the chemists show that the blue vitriol 
supplied to the farmer, ‘‘ agricultural ” copper 
sulphate, or farmer’s friend,” as it has been termed, 
is sometimes grossly adulterated. Sulphate of iron, 
lieiiig a cheaper material, is fraudulently substituted 
for sulphate of copper. In one case the material 
sold as copper sulphate was found to contain 
nearly four-fifths of its weight of iron sulphate, 
the requisite colour being obtained by tlie addition 
of some rrussian blue. 

Ill various ways, then, the analytical chemist is 
rendering useful service to the community. His 
scientific vigilance secures the general purity of 
our food supplies, and checks, to a large extent, 
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the practice bi atuilteration in various departments 
of trade and industry. The effect of his labours 
is seen in this, lliat the more serious forms of 
adulteration, such as were common about the middle 
• of the last century, are now seldom encountered. 
According to a competent investigator of that 
jKiriod every one of about fifty samidcs of bread 
examined contained alum, of twenty-eight specimens 
of cayenne pepper only four were genuine, while 
the analysis of coloured sweetmeats showed tliat more 
tljan half of the samples taken contained salts of 
lead. Things are not so bad as that nowadays, 
and the credit for such improvement as lias taken 
plac^ must be largely put down to the account of 
the analytical chemist. 


CHAPTEE XII 

THE INTEREST OF THE INSIGNIFICANT 

The “ power of littles ” is a hackneyed phrase, and 
the truth which it embodies is accepted as a 
commonplace. Nowhere, however, does one come 
across more striking demonstrations that finaiitity 
is not the only thing that counts than in tlie field 
of chemistry. The properties of a chemical com- 
pound are sometimes fundamentally altered, for 
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good or ill, hy a niiriute quantity of some other 
substance, and the coursq of a chemical change 
is often profoundly modified by the presence of a 
trace of foreign matter. 

Take the case of iron and steel. To the average 
person the difference in their chemical composition 
appears to be insignificant, for steel is merely iron 
with about one hundredth, more or less, of its 
weight of carbon added. Yet the difference in 
the physical properties of iron brought, about by 
this small addition of carbon is very, marked 
indeed, and is of the highest importance in 
the industrial and technical applications of the 
metal. 

Pure iron is a comparatively soft metal, whereas 
steel can be obtained in an exceedingly hard condition. 
If hot steel is cooled suddenly by plunging it into 
cold water, its hardness is such that it has the power 
of scratching glass, and when suitably tempered it 
is adapted for tools of the most varied description. 
Again, the tensile strength of steel, that is, its 
power to resist extension, is very high, and it 
finds a very wide application in modern engineering 
work, in the building of bridges and in the 
construction of machinery. All these valuable 
characteristics of steel are closely related to the 
small amount of carbon added to the iron. 

The presence of traces of foreign matter in a 
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clieinical comj^ound, however, does not always make 
for improvement. Nitroglycerin, one of the sub- 
stances which have figured very prominently in the 
protluction of inodern explosives, is a compound in 
the manufacture of which the utmost care has to 
be taken. It is prepared by acting on glycerin 
with a mixture of sulphuric and nitric acids, and 
when the action is over and the nitroglycerin has 
been produced, it is necessary to remove the surplus 
acids by treatment with water. This dissolves the 
acids, but leaves the nitroglycerin. It is essential 
that this process of washing out the acids should 
be 2)erformed with extreme thoroughness, for if the 
nitroglycerin is left contaminated with even a trace 
of these, it will decompose. Now the decomposition 
of nitroglycerin is liable to become a very violent 
process, and it is therefore absolutely essential that 
in the manufacture of this dangerous substance 
the utmost care should be taken to secure a pure 
product. 

An interesting examiple of the way in which a 
relatively iusignilicant amount of a foreign substance • 
may have a notable effect on the j)ro2)erties of a 
given material is furnished by the history of the 
incandescent gas mantle. In the competition 
between gas and electricity as illuminating agents 
the mantle has played a very important part. It 
has added so much to the effectiveness of gas light- 
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ing that this older method of illumination has held 
its own to a surprising extent. Now the ordinary 
incandescent gas mantle contains about 99 per 
cent of thoria and only about 1 per cent of »ceria. 
These names are unfamiliar to most people, and' 
a little explanation may be necessary. Thoria is 
the oxide of the metal thorium, and comes mostly 
from the United States and Brazil, where it is found 
in so-called monazite sand. The other constituent 
of the mantle is the oxide of a rare metal known 
as cerium. 

The peculiar thing about the mixture of thoria 
and ceria employed in making an incandescent gas 
mantle is the necessity for adhering to the propor- 
tions just mentioned. If mantles were made of 
pure thoria alone, their power of emitting light 
when heated in a gas flame would be very low. By 
adding 1 per cent of ceria, however, the brightness 
of the heated mantle becomes about ten times as 
great. *With 2 per cent of ceria the intensity of 
illumination has noticeably diminished again, so that 
there is a special virtue in the 1 per cent addition. 
It is interesting to note, in passing, the extra- 
ordinary effect which the development of the gas 
mantle has had on the price of thorium. The cost 
of thorium nitrate in 1894 was 55s. the ounce; 
two years later the price had fallen to 8s., while it 
is about Is. at the present time. 
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In comparatively recent times some very interest- 
ing observations have bee^ made on the remark- 
able influen,ce which a trace of moisture may have 
on ^he course of a chemical change, or t)ii the 
* properties of a chemical compound. Everybody 
probably is familiar with the experiment in wliicli 
a mixture of hydrogen and oxygen, contained in a 
soda-watest bottle, is caused to explode with a loud 
report by bringing a flame or a spiirk to the mouth 
of the bottJe. The violence of the explosion gives 
ofte the impression that hydrogen and oxygen are 
only too ready to combine with each other, but, 
curiously enough, it is found that if the gases are 
first dried very thoroughly the tube containing them 
may be heated to redness in a gas flame without 
any chemical action occurring. 

This interesting and striking result has been 
achieved only by the exercise of much care and 
patience. In order that the mixtuie of hydrogen 
and oxygen may be absolutely dry some pljos})horic 
oxide is put inside the tube containing the gases. 
This substance is very greedy for water, and most 
substances when left in contact with phosphoric oxide 
are deprived of every trace of moisture associated with 
them. In the case of the mixture of hydrogen and 
oxygen, it was found that contact for ten days with 
phosphoric oxide made the gases so dry tliat they 
refused to explode when the tube containing them 
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was heated. But whenever the merest trace of 
moisture was admitted^ to the tube, the contents 
exploded at once on being heated. 

These striking experiments demonstrate^ very 
clearly how much the behaviour of substances may 
depend on the presence or absence of some so-called 
foreign ” material. Examples of this sort of thing 
might be multiplied, but one more case will suffice. 
It has reference to the chemical change mentioned 
above, namely, the combination of l^ydrogeu and 
oxygen to form water. Generally speaking, .the 
interaction of these two gases is started by a dame 
or a spark ; either a mixture of the gases is exploded, 
or hydrogen gas issuing into the air is igiiiteU and 
burns with a pale blue hot flame. In both cases 
the combination of the two gases takes place at a 
high temperature. 

But some beautiful experiments have shown that 
hydrogen and oxygen will combine slowly and 
quietly^ at ordinary temperatures under the per- 
suasive influence of platinum. This is ordinarily a 
heavy metal of silvery appearance, but it can also be 
obtained in water in a very finely divided condition. 
By passing an electric discharge between the ends 
of two platinum wires dipping in water, the metal 
is gradually disintegrated, minute particles being 
thrown off’ into the surrounding liquid. These 
particles remain suspended in the water and impart 
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a dark brown colour to it ; they are so line, liowever, 
that they cannot be removed by filtering the liquid 
through blotting-paper. 

» No^w this “ colloidal ” platinum, as it is called, 
has an extraordinary effect in facilitating the com- 
bination of hydrogen and oxygen at ordinary 
temperatures. A mixture of these gases has merely 
to be shaken up with colloidal platinum in order 
to bring about their gradual union to form water. 
What is furtlier very remarkable, is the extremely 
small quanf^ity .of platinum required for tlie 
combustion of hydrogen in this manner. One 
investigator found that in seventeen days over two 
gallons of a mixture of hydrogen and oxygen gases 
were converted into water under the influence of 
iy-Jjij^th of an ounce of platinum. Nor was the 
power of tlie platinum exhausted by this perform- 
ance, for its activity was as great at tlie end as at 
the beginning. 

Substances which exert a powerful influence in 
promoting a chemical change without themselves 
being affected, like colloidal platinum in the case 
just described, are known as “ catalytic agents,” and 
they play a very great part in chemical phenomena. 
They may fitly be compared with the oil which 
contributes so much to the smooth working of an 
engine without actually supplying any of the driving 
power. A little oil makes a big difference, and a 
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catalytic a<:^eiit similarly facilitates chemical changes 
out of all proportion totits quantity. 

It is not merely in pretty experiments that the 
action of catalytic agents may be demonstrated ; « 
they are of the highest value in many technical 
operations. Take, for instance, the manufacture of 
sulphuric acid — '"oil of vitriol,” as it is sometimes 
called — one of the most important chemical com- 
pounds made on the large scale at the present day. , 
For the preparation of this substance^ three others 
are required, namely, sulpliur dioxide (v;hich is ’"the 
sulTocating gas pro<luced when sulphur is burned), 
oxygen (or air), and water. The chief difficulty that 
meets the manufacturer who wishes to m«ake large 
quantities of sulphuric acid is to persuade the 
sulphur dioxide and oxygen to enter into chemical 
combination. It is true that they unite of their 
own accord when heated together, but with extreme 
slowness. 

Fortunately, liowever, there are certain catalytic 
Jigents under the influence of which sulphur 
dioxide and oxygen combine rapidly, and thus 
the manufacture of sulphuric acid on the large scale 
l)ecomes feasible. Such a substance is platinum, 
and one of the technical processes at present 
used for making the acid consists in passing 
a mixture of sulphur dioxide and oxygen (air) 
through a heated vessel containing finely divided 
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platinum. The curious thin^ is that altliougli the 
platinum fiicilitates tlie unjon of the two gases in 
so remarkable a manner it is not changed itself. 

W^en once the difficulty of getting the sulphur 
dioxide and the oxygen to combine has been over- 
come, the manufacture of oil of vitriol is an easy 
matter, for the product of their union, sulphur 
trioxide, as it is called, dissolves very readily in 
^ water to form sulphuric acid. The extraordinary 
influence of fvnely divided platinum on this chemical 
change has lieen known to chemists for a long time, 
but it is only within comparatively recent years that 
this method of making sulphuric acid has been 
applied on the large scale. Many attempts that 
were made failed because for some mysterious reason 
the platinum deteriorated very rapidly and its 
catalytic power gradually disappeared. After much 
searching it was found that dust particles and traces 
of arsenic, which is very often present in sulphur 
dioxide, have a deleterious effect on the platinum 
and destroy its power. Nowadays, therefore, the 
greatest care is taken that the mixture of sulphur 
dioxide and oxygen is completely freed from arsenic 
and dust particles before it is passed over the finely 
divided platinum. 

The history of this modern method of making 
sulphuric acid supplies another example of the 
great influence which may be exerted by very 
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small quantities of foreign substances. Generally 
speaking, a great deal of the chemist’s time is taken 
up in looking for small quantities of undetected 
compounds. And for this purpose he has^ some, 
very delicate methods at his disposal. 

There is, for instance, the spectroscopic method 
of analysis. The reader has probably looked at 
some source of white light, such as an electric lamp 
or a bright gas flame, through the instrument 
known as a spectroscope, and observed a baud of 
colour in which the various shades, from red to 
violet, pass continuously and imperceptibly into one 
another as in the rainbow. The white light has 
been split up into its various coloured constituents 
by the prism in the spectroscope. 

Suppose now, instead of an ordinary electric lamp 
or bright gas flame, wc were to take a nou-lurniiious 
flame, such as is given by the well-known Bunsen 
burner! This flame could be made intensely luminous 
by putting into it, by means of a platinuni wire, a 
small piece of sodium chloride (common salt). But 
examination of this luminous yellow flame with 
tlie spectroscope would reveal to us a fundamental 
difference from the ordinary gas or electric light. 
Instead of a continuous band of colour we should 
observe only a bright yellow line. If the nitrate, 
carbonate, or any other salt of soda were tried 
instead of sodium chloride the result would be the 
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same, so that the appearance of this characteristic 
yellow line in the spectroi^cope may be taken as 
proof that the substance introduced into the non- 
, luminous flame contains the element sodium. 

Potash compounds arc similarly characterised. 
When they are introduced into a non -luminous 
flame, the spectroscope shows two lines, one red 
and the other violet. Each element, indeed, has its 
own spectroscojuc peculiarities, and may I’oadily be 
recognised by these. This method of recognition, 
toG^ is very delicate, for extraordinarily minute 
quantities of substance are suflicient to answer to 
the spectroscopic test. It is said that one ten- 
millionth of a gram of a sodium compound betrays 
itself ill this way. 

A striking instance of the detective power of the 
spectroscope was given in connection with the 
discovery of the two metals rubidium and caesium 
by Bunsen and Kirchholf. These investigators had 
been examining a certain German mineral water, and 
had found in the spectroscope some lines which did 
not correspond with those of any element known at 
the time. They drew the conclusion that the water 
must contain some hitherto undiscovered element, 
and they proceeded to search for it by evaporating 
down large quantities of the water and testing the 
residues. Their search was successful, and resulted 
in the discovery of two new elements which were 
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named rubidium and caesium. Since 40 tons of the 
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water had to be evaporated in order to get one-quarter 
of an ounce of caesium chloride, it is evident that the 
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spectroscope I’uvcaicd the presence of extraordinarily 
minute quantities. Indeed, it is liighly probable 
that without the spectroscope rubidium and caesium 
would never T:iave been discovered. 

^ The question how far one caii get in the 
detection of the very minute is of great interest to 
the chemist, for he believes that matter, however 
uniform and homogeneous it may appear, really 
consists of definite separate jiarticles. He pictures 
the air, for instance, as constituted of innumerable 
minute partfcles, or “ molecules " as they are called, 
rushing about in all directions at a very highspeed. 
This seems very fanciful, especially when one is told 
that^the number of gas molecules in a space equal 
to a pin-head is probably about 30 million times 
as numerous as the population of the globe. If 
this is correct, then tlie molecule must be almost in- 
conceivably small — somewhere between the millionth 
and the ten-millionth of a millimetre in diameter. 

Now it would be very interesting if one could 
actually see the individual molecules and so confirm 
the accuracy of the picture just sketched. Ilut 
the best microscope fails us long before wc; reach tlie 
molecular order of things. Particles of a diameter 
less than about one ten-thousandth of a millimetre 
are not visible under the microscope, and this 
instrument by itself, therefore, cannot possibly 
reveal the separate molecules of a gas or a liquid. 
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Quite recently, however, a remarkable advance 
has been made in the detection of the minute. The 
way in which tliis has come about will be intelligible 
to any one who has observed a ray of sunlight ^ 
entering a darkened room through some minuta 
opening. Innumerable particles of dust are seen 



Fig. 40. — A beam of liglit luissing tlirougli a flask ol‘ slightly 
turbid water. 


floating in the path of the beam. The light is 
scattered by these dust specks, and it is their 
presence which I’e veals the track of the ray. If 
the room were absolutely free from floating particles 
the path of the beam could not be detected. 

Similarly, if a powerful beam of light is passed 
Ih rough a glass flask containing water, the observer, 
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looking froui'tlie side, can detect the path of the 
beam only M'lieii dust or other particles arc floating 
in it. If the water is ever so sljgl)tly turbid the 
path of the beam is rendered evident by a sort of 
aluminous glow. The i>articles causing the turbidity 
in the water may be so tiny as to be quite invisildc 
when it is examined under the microscope in the 
ordinary way, and yet they render the track of the 
beam perfectly evident. 

If, now, ^ this whole experiment is carried out 
uinlcr the microscope, that is, if a thin layer of the 
turbid liquid is illuminated by a strong beam of 
light, and the axis of the microscope is directed at 
right angles to the beam, the minute suspended 
particles reveal themselves us discs of light on a 
dark background. This is the exact counterpart 
of what is seen when the dust particles in a ray of 
light appear as hriglit specks. The discs or bright 
specks give no direct indication of the size of the 
particles ; but each disc corresponds with one 
particle, and lienee tlie number of the particles may 
he estimated. 

An instrument arranged for making the experi- 
ment described in tlie foregoing paragraph is known 
as an “ ultraiiiicroscope,” because it enables us to 
detect the existence of suspended ]:>urticles consider- 
ably smaller than any we can actually sec under 
the microscope in the ordinary way. Distinct 
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particles measuring only five-millionths of a milli- 
metre in diameter have been detected with the 
ultramicroscope. This is not so very much bigger 
than the molecules are supposed to bb, and these 
observations, therefore, are of the very greatest 
interest to the chemist. 

Further, the very finest suspended particles, the 
existence of which is revealed only by the ultra- 
microscope, arc seen to be in rapid and unceasing 
motion, like a swarm of dancing gnats. Tlie smaller 
tli(i particle, the more rapid is its movement. These 
striking observations suggest that although we can- 
not yet study the behaviour of the molecules them- 
selves, the chemist's notions about these mmute 
particles and their movements are not so fanciful 
after all. 


ClIAPTEll XIII 

SCIKNTIKIC AND TECHNIC AT. CIIKUISTllY 

The history of chemistry, like that of other 
sciences, has much to tell us of men wlio have 
devoted their lives to the study of Xature's secrets. 
They have silent laborious days and years in tlie 
search for new substances and in the careful 
investigation of those already known. This they 
have done entirely for love of tlie work, stimulated 
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always by the fascinating variety of natural 
phenomena. Their discoveries may not have had 
any immediate practical value, and may not have 
brought them any return in the shape of hard casli, 
► but they had at least tlie joy of the explorer and 
the satisfaction of adding to the sum of liumau 
knowledge. 

To-day also there are many chemists who are 
working purely for exploration. The man in the 
street would say tliat the new substances they are 
preparing iu their laboratories are of no use 
whatever to anybody, and that the problems to 
which tliey are devoting their energies have not the 
lea^ bearing on practical life. Such a critic points 
approvingly, on the other hand, to the chemists 
who are tackling definite technical proldems, and 
applying chemistry on the factory scale. Success 
in sohdng their problems secures an immediate cash 
return, and some narrow-minded people would have 
us believe that this is the only standard by which 
we must judge the value of the chemist’s work. 

But all contributions to our knowledge of 
nature and its laws are welcome, even although 
they do not seem to have any direct bearing on 
practical life. It must be borne in mind, too, that 
there are many cases on record in which a 
discovery in the realm of , purely scientific chemistry 
has afterwards led up to valuable technical 
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applications. It is therefore very unsafe to predict 
that because a chemist’s^ work at the present time 
makes no iminediate contribution to the solving of 
technical problems, it will never have any va^ue in 
that direction. A glance at the liistory of chemical' 
discoveiy serves to eniphrisise this. 

Take tlie case of Michael Faraday, whose 
wonderful investigations liave won for him an 
enduring place in the annals of science. He called 
himself a “philosopher,'' l)iit in reality he was a 
born experimenter in the fields botli of physics and 
chemistry It is interesting to note, by the way, 
from what a humble origin Faraday rose to be one 
of the greatest English men of science. His fifther 
was a journeyman blacksmith, and young Michael 
began earning his own living as a bookseller’s 
errand-boy. l^ater on, as an apprentice, he 
gathered scraps of scicntilic knowledge from the 
books wbicli passed through liis hands, and, 
stimulated by these, he devoted part of his spare 
time to making simple chemical experiments. 

The desire to be engaged in scientific work 
became steadily stronger in young Faraday, and 
it received a mighty impulse when, through the 
kindness of one of the bookseller’s customers, he 
was enabled to visit the Eoyal Institution and 
listen to the lecjtures of Sir Humphry Davy. This 
led up to Faraday’s appointment as Davy’s 




Fio. 41. — Michael Faraday (1791-1807). 

being able to exchange the bookselling business for 
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the more congenial pursuit of scientific knowledge. 
From that date onward Faraday’s progress was 
steady and assured. His genius and^ enthusiasm 
led him to many striking discoveries, and iq due 
time he became Professor of Chemistry at the* 
Ptoyal Institution, the very place where, in his 
younger days, he had sat at the feet of the famous 
Davy. 

Faraday deliberately preferred the investigation 
of purely scientific problems to the mqre lucrative 
work wliich was open to him. About 1.831, when 
forty years of age, he realised that if he was 
properly to follow up his scientific discoveries he 
must relinquish the jirofessional work whicli^had 
already brought him a large income, and paid 
much better than investigations in pure science. 
Accordingly he gave up the idea of making money 
at chemistry, and devoted himself with enthusiasm 
to the search for knowledge. 

A study, however, of the subsequent development 
of applied chemistry shows very clearly that 
Faraday, while apparently engaged in rearing a 
purely scientific fabric, was really laying the 
foundations of several important industries. Take, 
for example, his experiments on the liquefaction of 
gases. He succeeded in causing a number of 
substances ordinarily known as gases — for example, 
chlorine, carbon dioxide, ammonia and sulphur 
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dioxide — to assume the liquid condition. Tlie 
production of li(]uid chloripe aroused mucli interest 
in the scientific world, and was the source of much 
satisfiaction to Faraday himself. It was equivalent 
to the discovery of a new country. 

The method adopted in liquefying these gases 
was extremely simple. A bent tube was employed, 
one end of which, a, contained a 
substance capalile of yielding the 
gas when heated. After the sub- 
stance had been introduced the tube 
w’as sealed up. The application of 
heat to a liberated the gas, and the pressure thus 
generated in the closed tube caused tlio gas to 
condense, and to appear as a lirpud at h. The 
production of the liquefied gas was facilitated l)y 
artificially cooling this end of the tube. 

Such a liquefied gas represents at the ordinary 
temperature a considerable store of eiuirgy. Tliis was 
evident to Faraday when he cut open one of these 
bent tubes containing liquid clilorine. The parts 
flew asunder as if with an explosion and the liijuid 
chlorine disappeared entirely. 'niese explosion 
effects were much more marked with liquid cai’bon 
dioxide. Tubes which had contained some of 
this material for two or three weeks exploded 
spontaneously wdth great violence, and it was there- 
fore necessary to avoid risks by using masks and 
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goggles while these liquefied gases were being in- 
vestigated. 

It was perhaps these explosions that suggested 
to Sir Humphry Davy that condensed gases vuiglit 
possibly be used as a source of mechanical power : ' 
for instance, in the driving of an engine. Nothing 
very much, however, has come of this suggestion, and 
for the really practical application of liquefied gases 
we must come down to a much later day ; so that 
Faraday’s labour in this new field was, in liis own 
time of purely scientific interest, and it \yas left for 
a much later generation to discover the practical 
results to which the pioneer work of Faraday and 
others led up. * 

A moment’s consideration will show the magni- 
tude of these latter-day applications of liquefied 
gases. The reader is no doubt familiar with the 
fact that evaporation produces cold, and may have 
seen an experiment in which a rapid current of air 
is blown through a little ether contained in a flask. 
Ether is in itself a very volatile liquid, and, assisted 
by a current of air, it evaporates very rapidly 
indeed. The flask containing the ether becomes 
.extremely cold, and any water adhering to the out- 
side is converted into ice. 

The same sort of thing, only to a much more 
remarkable extent, occurs when a condensed gas 
is rapidly evaporated. A quite intense degree of 
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cold may be attained in this way, and the artificial 
production of ice on the la^e scale becomes a com- 
paratively ej^.sy matter. Hence it is that at the 
present day large quantities of ammonia and 
^sulphur dioxide, both in the liquefied condition, are 
produced. The most economical way of making 
these condensed gases and of using them for 
refrigeration has become a problem for the engineer 
rather tlian the chemist. Tlie engineer has devised 
machinery which permits tlie refrigeration even of 
large cliandbers by these artificial means, so tliat it 
is possible to transport fruit, meat, and dairy pro- 
duce from the ends of the earth, and land them in 
England in a fi’esh condition. 

Another wonderful sequel to Faraday's pioneer 

investigations lias been the production of liquid air. 

This is a comparatively recent achievement, and 
• 

although at first it was merely a scientific curiosity, 
liquid air is now a commercial article. This 
provides the means by which oxygen is obtained on 
the large scale, for when liquid air is evaporated 
the nitrogen which it contains, being the more 
volatile constituent, escapes more rapidly and leaves 
the oxygen ultimately in an almost pure condition. 
All this shows how experiments originally made 
for a purely scientific purpose may turn out to be 
the basis for future industrial applications of the 
greatest value. 
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The work of Faraday supplies another striking 
instance of this. In If? 24 he brought before the 
Eoyal Society a discovery which has proved to be 
of the highest importance. While investigating 
the substances produced when oil is decomposed by^ 
heat, he obtained a hydrocarbon, that is, a compound 
of carbon and hydrogen only, which had not 
previously been discovered. Faraday called this 
new liquid “ bicarburet of hydrogen,” but its modern 
name is “benzene.” It was an interesting find, 
but the discoverer himself had no idea of the 
exceptional part his new hydrocarbon w^as destined 
to play in the history of applied chemistry. 

About thirty years later, Perkin showed how 
mauve could be obtained from aniline, and this 
discovery led up to the manufacture of numerous 
artificial dyes. Now benzene is the parent substance 
of aniline, so that Perkin's work conferred a new 
importance on Faraday's hydrocarbon and on coal 
tar, the source from which it is derived. In 1906, 
large numbers of chemists, manufacturers, and dyers 
assembled in London to do honour to Sir William 
Perkin, the founder of the artificial colour industry. 
The chief meeting of the occasion was held in the 
Eoyal Institution, where Faraday worked and where 
he had discovered the hydrocarbon which turned 
out to be one of the main factors in that industry. 
On the table at which leaders of science and industry 
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from different countries offered tlieir cougratulations 
to Sir William Perkin there stood a small bottle of 
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benzene, the very specimen which Faraday had 
prepared eighty years before. 

Perkin’s discovery of mauve, the artificial 
dye, was itself the result of experiments carried 
out with a purely scientific object. He was not 
aiming at the production of a colouring matter at 
all, but was trying to make the well-known alkaloid 
quinine, in the laboratory. In the course of these 
attempts, as Perkin himself has related, aniline was 
subjected to the oxidising action of chromic acid 
and was found to give a perfectly black product. 
When this unpromising material was purified, dried, 
and extracted with spirits of wine the beautiful 
colouring matter known as mauve was obtainect 

This, as events have shown, was an epoch-making 
discovery, and one of the first results was that 
aniline came to the front as a commercial substance 
of the highest importance. Hitherto this compound, 
the parent of mauve, had been a material of purely 
laboratory interest ; it was made only in very small 
quantities, and only when required for the purposes 
of scientific research. But when I’erkin began to 
make mauve on the manufacturing scale, tons 
of aniline were required, and new sources of 
the material had to be found. The procedure 
adopted then and still followed at the present time 
was to extract benzene from coal tar, convert the 
benzene into nitrobenzene, an oily substance with 



XIII 


f*URE AND APPLIED CHJIMISTRY 197 

a smell like that of bitter almond oil, and then 
finally to prepare aniline Ijy acting on nitrobenzene 
with scrap iron and hydrochloric acid. 

It is very plain, then, that experiments which 
* are in themselves of a purely scientific character 
may have far-reaching consequences in the world 
of technical chemistry and practical life. The man 
in the street is inclined to pooh-pooh the discovery 
of any new substance unless it has an immediate 
market value. The sort of question he asks is, 
“ What is Jblie use of this new compound ? ” “ Can 

it be used in bleaching or dyeing ? ” May it be used 
as a substitute for leather ? ” Will its discoverer 
ma^e a fortune ? ” If these enquiries cannot be 
answered satisfactorily the new compound is regarded 
as so much useless rubbish, and its discoverer is 
considered to have wasted his time. The history 
of chemical science, however, warns us that this 
attitude is quite a wrong one to take up. The 
compound which to-day is of purely scientific 
interest may be the valuable commercial product 
of to-morrow, and the chemist who is wrestling 
with Nature’s problems in his laboratory is preparing 
the way for the applied science of the future. 

Discoveries both in scientific and technical 
chemistry have often been made in a curiously 
casual way. The observer, either purely by chance 
or stimulated by curiosity, has stumbled across 
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some strange ])henomenon which clears up his 
difficulties, or leads him^ to the discovery of some 
important law. Many instances of this sort oi 
thing have been recorded. 

Graham, for instance, tlie famous English 
chemist, was led to begin his great experiments on 
the diffusion of gases through a curious observa- 
tion made by an earlier worker. This man, 
Dubereiner by name, had occasion to prepare 
quantities of hydrogen, and one day he ^accidentally 
employed as gas-liolder a jar wliich hack a minute 
crack in it. To his great surprise, Ddbereincr 
observed that, contrary to all laws which were then 
known, the level of the water shutting off the gas 
in the Jar slowly rose.* 

Graliam's attention was directed to this strange 
phenomenon, and liis investigations led him to the 
explanation. Hydrogen, being the lightest known 
gas, can pass through minute apertures much more 
rapidly than any other gas. What happened, 
therefore, in .Diibereiner’s gas jar was that hydrogen 
escaped through the crack more qui(ikly than air 
could get in, so that the level of the water in the 
jar rose. Thus the use of a cracked vessel instead 
of a sound one was the starting-point for Graham’s 
wonderful discovery of the laws of gaseous diffusion. 

Another striking illustration of the way in 
which a somewhat trifling observation may lead to 
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results of great practical value occuri ed in connection 
with the discovery of blasting gelatine by Nobel. 
Nitroglycerin, the explosive substance employed 
in the nianufacture of dynamite, is by itself a very 
dangerous substance to handle and to transport 
from place to place. Tliese risks, however, are 
very mucli diiniiiished if tlie liquid nitroglycerin 
is soaked into the j)orons earthy material known as 
Idesehjulir) tlie product obtained in this way is 
dynamite. The kieselgulir is itself a harmless, inert, 
non-explosive substance, and therefore does not 
contribute to the explosive j)owor of the dynamite. 
Nobel had been reflecting on this, and was on 
thd* look - out for an absorbent matcirial, which 
might be used, like hieselgukr, to souk up tlie 
nitroglycerin, and yet might of itself contribute 
to the power of the explosive. 

Tlie solution of the problem came as the rosidt 
of a casual observation. Nobel bad cut bis linger 
one day and painted some collodion over tluj wound 
to form an artificial protective skin. It slioiild 
perliaps be stated tliat collodion is jircjiarcd Tiy 
taking a certain substance similar to gun-cotton 
and dissolving it in a mixture of alcohol and 
ether: when a little of tliis solution is exposed 
to tlie air, it dries up very quickly, because alcohol 
and ether are volatile liquids. 

When Nobel had flnished painting over the 
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wound, there was still a little collodion left, and it 
struck him that it would be interesting to see what 
happened if the collodion were mixed with nitro- 
glycerin. Tie made the experiment, and found to his 
delight that when the collodion was added to nitro- 
glycerin a jelly-like mass was produced, that is, the 
dangerous liquid nitroglycerin was transformed into 
a product suitable for safe handling and transport. 
Further, the substance in the collodion which gave 
the jelly with the nitroglycerin was its(jlf a highly 
combustible material, and was capable o^ contribu- 
ting to the energy of explosion. Tlius it was tliat 
blasting gelatine, an explosive of an extremely 
powerful character, was discovered. 

These illustrations show what may come of 
comparatively trifling observations. No one can 
tell what will be the ultimate practical vsilue of 
an observation accurately made and followed up* 
carefully. 


CHAPTEE XIV 

CHEMISTKY AND OTHER SCIENCES 

Whilst it is convenient to speak of difterent 
branches of Science as Geology, Botany, Physics, 
Physiology, etc., it must be remembered that no 
single one of these is absolutely isolated from the 
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others. The field of Science, it is true, is divided 
up into a number of plots^ but these adjoin each 
other, and between them there are border-lands, 
wherQ workers from both sides join forces in the 
^search for knowledge. 

Chemistry is a science which stands in a close 
relationship to all the others. Especially so is this 
the case in reference to Physics, and these two 
together constitute the so-called l^hysical Sciences, 
in contrast Jo the Biological Sciences. Chemistry 
has been cjescribed as merely “the dirty part of 
I^hysics,” but, although there is much corarnou 
ground between them, the chemist has a large 
field* to work which is peculiarly his own. Whilst 
the physicist studies the laws which govern the 
behaviour of matter in general, the chemist is more 
concerned with the different forms which matter 
may assume, and with the conditions under which 
they exist. 

Ill recent years, however, the border - land 
between Chemistry and Physics has acquired 
such interest and importance that a special name 
— Physical Chemistry — has been given to it, and 
many distinguished men have laboured in this 
field of work. All questions connected with the 
existence of molecules — those ultimate minute 
particles of which every form of matter is supposed 
to be built up — have the greatest interest for the 
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physicist as well as the chemist. Both have made 
discoveries which have a distinct bearing on these 
invisible units. The physicist has lonp known that 
the space which a given cpiantity of a gas ocpupies 
is diminished by increasing the pressure, and is 
increased by raising the temperature, and lie has 
discovered also the very significant fiict that the 
laws which govern this influence of pressure and 
temperature are the same for every gas. There is, 
tlierefore, a very striking uniformity in ^he behaviour 
of different gases towards changing temperature and 
I)ressure. 

The chemist, on the other hand, studying the 
chemical actions which take place between difl^rent 
gases, has found that their relations are cliaracterised 
by a remarkable simplicity. In the union of hydro- 
gen and oxygen to form water, for example, the 
volume of hydrogen is twice tliat of tlie oxygen 'witli 
whicli it combines exactly, and the water produced, 
if kept ill the form of vapour, occupies the same 
space as the hydrogen did before union took place. 
Tliis is only one example of what the chemist has 
found to be true generally, viz. that in the chemical 
combination pf gases there is always a simple 
numerical ratio between their volumes and the 
volume of the gaseous substance formed from them. 

These discoveries have together led to the concep- 
tions which are now generally held as to the nature 
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of gases — conceptions which interpret the remark- 
able uniformity in the pliysical behaviour of gases 
as well as the simplicity of their chemical relation- 
ships., According to these views, as liinted in a 
•previous chapter, the ultimate particles or mole- 
cules of a gas are in a state of great activity, 
rushing hither and thither at a liigli speed, colliding 
frequently with each other, and impinging on the 
walls of the vessel which contains the gas. The 
pressure exefted by the gas is due to tlicse innumer- 
abie impacjjs on the walls of the containing vessel, 
and the activity of the moving molecules increases 
as the temperature rises. Furtlier, in a given space, 
say^ne cubic centimetre, there is always the same 
number of molecules, whatever the gas may be, 
provided that the temperature and pressure are 
kept the same. Now all these views are based on 
the knowledge of facts brought to light both by the 
physicist and tlie clieinist. 

There are, however, many otlier border -land 
problems in attacking which there has been alliance 
and co-operation between the two great branches of 
physical science. Take the very simple phenomenon 
with which every one is familiar — the process of 
dissolving sugar (or salt) in water. The sugar 
plainly disappears, but it has long been a (question 
why it should do so and what becomes of it. Is 
the sugar unaltered in the solution (jr has it 



204 


CHEMICAL SCIENCE 


CHAP. 


undergone some fundamental change ? How are 
the properties of the water affected by the addition 
of the sugar ? 

These and similar questions have beep the 
subject of discussion and investigation by men of 
science for generations, but the latter part of 
the nineteenth century and the beginning of 
the twentieth have witnessed a remarkable revival 
of interest in the problem of solutions. It would 
be going much too far to say that the^ problem has 
now been solved and that all difficulties have been 
cleared away, but it is the case at least that 
recent investigations have added immensely to our 
knowledge of what takes place when a subsfeince 
dissolves in water, and of the properties of the 
solution obtained in this way. 

In this modern attack on the problem of 
solutions physicists and chemists have taken the 
chief part, but it is especially interesting to note 
that one of the early stages was initiated by a 
botanist. This was Pfeifer, Professor of Botany in 
Basle, who was studying the ascent of sap in trees, 
and in the course of his experiments was led to 
measure the force of attraction between a solution 
and its solvent. Since Pfeifer's work was epoch- 
making and laid the foundation for much that was 
to follow, it is worth while to understand exactly 
what he tried to do. 
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It some strong sugar solution is put at the 
bottom of a tall glass jar, and water is then 
carefully poured in up to the top, matters do not 
> remaiji in this condition. Although nothing obvious 
'takes place in the jar, a spontaneous intermixture of 
the sugar and the water proceeds all the time, and 
after a long interval there is as much sugar at the 
top of the jar as at the bottom. This process is 
^ known as “diffusion,” and its occurrence may be 
taken as eyidence that there is some force of 
attJraction between water and sugar. 

The existence of this force might be rendered 
evident in another way. Suppose there wx»re 
stretched across the jar and just at the top of the 
strong sugar solution a membrane which allowed 
the water to diffuse through, but blocked the 
passage of the sugar ! Under these conditions diffusion 
^of the ordinary kind could not take place. The 
force of attraction between water and sugar, however, 
would still be active, and would make itself felt in 
the only way open to it, namely, by water being 
drawn through the membrane into the sugar solution. 
The same thing would happen if a weak sugar 
solution occupied the upper part of the jar instead 
of water. Across such a membrane as has been 
described, water would always pass from the weaker 
to the stronger solution. If the membrane were a 
delicate one, this entrance of water into the space 
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shut off by the membrane would very soon burst it. 
If, on the other hand, the membrane were both strong 
and rigid, the entrance of a very little, water would 
cause such a pressure as would prevent the passage 
of any more. 

Membranes with this peculiar property oi 
allowing water to pass through them, but refusing 
passage to various dissolved substances, such as 
sugar, are described as being “ semi-permeable,” and 
were discovered shortly before Pfefler made his 
investigations. Tlie results of separating wa*ter 
from a sugar solution by such a membrane were 
found to be just those described above, and the one- 
sided diffusion of water observed in this case was 
termed “ osmosis.” Pfeffer, however, not only 
studied this phenomenon, but showed also how it 
could bo made the basis of a method for measuring 
the force of attraction between solvent and solution 
— the osmotic pressure,” as it is commonly called. 
And tlie measurements made by this botanist have 
been the starting-point for the numerous, more 
recent investigations which both physicists and 
chemists have made on the properties and nature of 
solutions. 

It turns out that many of the most prominent 
characteristics of a solution are closely connected 
with the osmotic pressure which Pfeffer first taught 
us to measure. Thus, for example, it has been 
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long known Liiab uie freezing-point of a solution 
of sugar is lower than that of pure water, and 
that its boiling-point is higlier than that of water. 
Not Qnly so, but it has now been found that the 
extent to which the freezing-point is lower, or the 
boiling-point higher, is directly related to the osmotic 
pressure and can be calculated from it ; or, vice versa, 
the osmotic pressure of a solution can be calculated 
from its freezing-point or boiling-point. 

All this , indicates the significance of Pfeffer’s 
original wqrk. The measurement of osmotic pres- 
sure, however, is not the only instance of a notable 
contribution made by a botanist to chemical and 
physical science. Nearly a century ago, an English 
botanist named Brown made a very striking obser- 
vation, which, after a period of oblivion, has been 
put on record again and is found to have a most 
important bearing on some modern investigations of 
a physico-chemical kind. 

Brown found that if the milky fluid obtained 
by grinding up a little gamboge with water is 
examined under the microscope, hosts of little solid 
particles are seen, and they are in a state of constant 
movement. One might think that perhaps tliis 
movement is temporary, observed only wdien the 
drop of milky fluid has been freshly put on the 
microscope slide ; but this is not so. Provided that 
the particles are small enough their movement is 
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unceasing, and it seems, thereiorCy as ii cnis leature 
were fundamentally associated with matter in a very 
finely divided condition. Modern research confirms 
this view, and Brown is to be regarded as tliQ, fore- 
runner of those wlio, in recent times, with the aid of 
the ultramicroscope, have shown that the idea of the 
invisible molecules of a substance being in a state 
of constant motion, is almost certainly correct. 

Botanists then have made some notable contri- 
butions to the advance of physical a^nd chemical 
science, but on the other side of the account tlitere 
is the valuable assistance rendered to botanical 
science by the physical chemist’s work on solutions. 
Much light lias thus been thrown, for exanijile, on 
the curious behaviour of plant cells when they are 
immersed in solutions of various substances. The 
plant cell, it should be remembered, consists of a 
more or less rigid cell wall enclosing the protoplasm*, 
in which again there may be several spaces, so- 
called vacuoles,” containing the cell-sap. In the 
normal healthy condition of the cell, the outer layer 
of the protoplasm lies close up against the support- 
ing cell wall, just as the bladder of a football, when 
it is fully blown up, presses against the leather case. 
This is seen when the cells are examined in a 
drop of water under the microscope, especially well 
if the cell contents are coloured. 

If, now, some of these plant cells with coloured 
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contents are immersed for a time, not in water but 
in a series of sugar solutions of gradually increasing 
strengtli, and are then examined under the micro- 
scope, ^it is seen that the cells from the weaker 
‘sugar solutions present the same appearance as the 
normal healthy cells in water. Those, however, 
which have been immersed in the stronger solutions 
have undergone a notable change. Tlie protoplasm 
no longer lies close up against the coll wall, but has 
drawn itself a^way at one or more points. There is 
a definite strength of sugar solution whicli is just 
able to bring about this phenomenon, and Ibi* eiicli 
of many other substances, cjj. common salt, which 
produce a similar result, there is also a certain 
strength ut solution which is just effective. This 
curious change in the appearance of jdaiit cells 
produced by immersion in strong solutions of various 
sifbstances is known as plasmolysis,” and it is a 
phenorneuon which has an interest for tlie botanist 
and cliemist alike. 

For it appears that the layer of protoplasm next 
the wall of a plant cell behaves like a semi-perme- 
able membrane, allowing free i)assage to water, but 
preventing the passage of various dissolved sub- 
stances, which are on either side. In such a case, 
as already shown, osmosis must occur, and an 
exchange of water will take place between the 
contents of the cell and the surrounding solution. 

p 
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If the sap is stronger than tlie solution in which 
the cell is immersed, water will tend to pass inwards, 
and if the protoplasni were not supported by the 
rigid cell wall, the cell would burst; all that actually 
happens, however, is that the protoplasm is presses 
if i)ossible still closer to the cell wall. 

If, on the otlier hand, the solution in which tin 
cells are immersed is stronger than the sap, wate: 
will pass outwards through the sembpermcabL 
protoplasmic layer, and the contents of the cel 
will therefore slirink. Hence the protoplasm c\raw{ 
itself away from the cell wall, which, being botl 
rigid and permeable, undergoes no change. 

Interesting ((uestioiis arise when one compares 
the strengths of different solutions which are just 
able to produce plusmolysis. In many cases these 
limiting concentrations are proportional to the 
weights of the molecules of the dissolved substances, 
but on tlie other laxnd there are many chemical 
compounds whicli are more effective in producing 
plasmolysis than this rule would lead us to suppose. 
That is, unexpectedly small quantities of these sub- 
stances are effective. Common salt is an example 
of this. 

It is just here tliat the physical chemist comes 
to the assistance of the botanist, for he has accumu- 
lated a lot of other facts showing that common salt 
and similar substances are exceptionally active in 
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some respects when dissolved in water. Take, for 
example, their influence on the freezing-point of 
water. It has already been stated that the freezing- 
point* of a sugar solution is lower than that of 
water, and if instead of sugar we were to dissolve 
in the water an equivalent quantity of alcohol or 
glycerin, the effect would be the same, and the 
freezing-point of the water would be lowered to 
the same extent. If, however, we were to dissolve 
in the watqr an equivalent amount of common salt 
or* nitre the freezing-point would be lowered to 
almost double the extent. Similar results are 
obtained when one compares tlie influence of sugar 
ancTsalt in raising the boiling-point of water. 

Now the chemist has further observed that just 
those substances wdiich have an extra big effect on 
the freezing-point and boiling-point of water are 
"able to make water a conductor of tlie electric 
current. This is an extremely interesting fact, and 
the numerous experiments which have been made 
in this connection have suggested an explanation 
for the special activity of salt and similar substances 
as compared .witli sugar. It seems very probable 
that when salt is dissolved in water its molecules 
are mostly split up into smaller units, lialf of wliich 
carry a charge of positive electricity, while the 
other half are negatively charged. These “ions,” 
as they are called, may act as carriers of the electric 

p 2 
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current when required, and the greater number of 
them, as compared with the molecules, explains 
why salt is more active than sugar in lowering the 
freezing-point of water and in raising its boiling- 
point. The botanist, too, finds here an intelligible 
explanation of his observation that salt is more 
effective than sugar in producing the plasmolysis of 
plant cells. 

The botanist is not alone in deriving assistance 
from the physical chemist’s investigations. The 
physiologist also has nicade a number of fliscoveries 
which would be difficult to explain were it not for 
the facts which are now known about solutions. 
As one instance of this we may take the interest- 
ing observations which have been made on the 
behaviour of red blood corpuscles when they are 
immersed in solutions of various substances. 

The blood of mammals consists really of a^ 
colourless fluid in which are floating innumerable 
small bodies, containing a red colouring matter, 
ha3moglobin, and known as the red blood corpuscles. 
A corpuscle is a droplet of solution enclosed in a 
thin, flexible membrane, which is freely permeable 
to water but does not usually allow the passage of 
dissolved substances from within or from without. 
It mty, in fact, be described as a semi-permeable 
membrane, and the blood corpuscle is in some re- 
spects comparable with the plant cells to which 
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reference has already been made. There is, how- 
ever, this important difference, that the blood cor- 
puscle lias no rigid wall to give it support, and it is 
therefore easily ruptured. 

When, for instancCj a drop of blood is introduced 
into water, the corpuscles are burst or “ laked,” the 
colouring matter inside escapes and imparts a 
reddish tinge to the water. The same result is 
observed when a drop of blood is added to weak 
sugar solu^ons, whereas in strong sugar solutions 
tile corpuscles remain intact and gradually sink to 
the bottom, the liquid above being free from colour. 
When experiments of this kind are made with 
sugar solutions of different strengths it is found 
that there is a certain strength of solution above 
which no laking of the corpuscles takes place. 

Similarly for other substances, if each of a series 
of solutions of graded strength is tested with a few 
drops of blood, it is found that there is in each 
series one solution just strong enough to protect the 
corpuscles. Now tlie physiologists have found that 
the concentration of common salt and similar sub- 
stances required to prevent laking of the corpuscles 
is unexpectedly low, a result which reminds one of 
the observations made by tlie botanists in connec- 
tion with plasmolysis. 

The two sets of phenomena have really much 
in common. It is the passage of water across 
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a semi - pei’meable membrane irom the weaker 
solution to the stronger which explains alike 
the laking of tlie blood corpuscles and the 
occurrence of plasmolysis. When a blood corpyuscle 
is immersed in a solution the strength of which is 
less than that of the contents of the corpuscle, 
water enters and the resulting increase of bulk 
stretches and then bursts the delicate membrane 
which surrounds the corpuscle. If, however, the 
blood is added to a solution which is stfonger than 
the contents of the corpuscles, water wilj pass out 
and the corpuscles will accordingly shrink a little. 
The fact, also, that salt is exceptional as compared 
with sugar is rendered intelligible by the chemist's 
discoveries about the behaviour of these two sub- 
stances when dissolved in water. 

Besides these problems which have just been 
discussed, and on which the work of the physical ‘ 
chemist has had such an important bearing, there 
are many other questions in botany and physiology 
about which chemistry has much to say. For in 
the laboratory of the plant or animal body there is 
produced an infinite variety of substances which are 
of the highest interest, not only because of what 
they are in themselves but also because of the ways 
in which they are made by the living organism. 

As has iilreiidy been stated, there was a time in 
the history of chemistry when it was supposed that 
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none of the characteristic substances found in the 
plant or the animal could be produced apart from 
these organisms, and such substances were therefore 
described as “ organic,” in contrast to the ‘‘ in- 
organic” or dead matter with which the chemist 
operated in his laboratory. Innumerable dis- 
coveries, however, have clearly shown that this is 
a false distinction, and that a great many of the 
substances occurringii in plants and animals can be 
built up the laboratory from i^urely inorganic 
cctopound^. 

There are many processes, however, employed 
by the living organism, either for building up or 
breaking down compounds, which the chemist has 
not yet 'learned to imitate. His methods are 
sometimes very clumsy and tedious in comparison 
with the operations that go forward so smoothly in 
‘the tissues of animal or plant. Take, for instance, 
the conversion of starch into grape-sugar. If this 
change is to be brought about in the laboratory it 
is necessary to boil the starch with dilute sulphuric 
acid. In the living organism, however, the same 
process occurs with the greatest ease under the 
influence of curious bodies known as “enzymes.” 
When moist barley, for instance, is allowed to 
germinate, one of these enzymes, “diastase” by 
name, is produced, which has the power of con- 
verting starch into sugar both easily and rapidly. 
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Human saliva, too, contains an enzyme which 
attacks the starchy constituents of food and begins 
their conversion into sugar. 

Altogether these enzymes have an extraordinary 
power of inducing chemical changes to take place 
quietly, which otherwise would require the fipplica- 
tion of strong reagents and high temperatures. 
Naturally they have been the subject of much 
investigation, but they are very elusive, and the 
chemist finds it a difficult matter to obtain enzymes 
in anytliing like a pure state. Anotlv^r line'of 
investigation, however, has been oj>ened up by 
regarding enzymes as belonging to the class of 
catalytic agents, referred to in a previous chapter. 
Enzymes undoubtedly resemble catalytic agents in 
many respects, as, for example, in the smallness of 
the quantity which suffices to bring about some 
particular change. It has been estimated that one* 
part of diastase is able to bring about the conversion 
of about 5000 parts of starch into sugar, and other 
examples might he quoted, illustrating their ^extra- 
ordinary effectiveness. 

One of the most striking, chemical changes 
occurring in tlie living organism is the building 
up or synthesis of such complicated substances 
as starch, sugar, and cellulose from carbon dioxide 
and water. In the mysterious laboratories of the 
plant leaf, these two simple compounds are continu- 
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ally being converted into others which form an 
important part of the food of all living organisms. 
And yet this fundamental ^chemical change is very 
imperfectly understood, so that there is still ample 
room for research and discovery in this border-land 
of bio-chemistry. 

In all sorts of unexpected fields, then, chemical 
forces are at work, and the chemist is able to give 
material help to workers in the sister sciences. In 
connection filso with the life of the community as a 
whole, the, achievements of chemistry are a valuable 
contribution to progress. 


THE END 
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